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THE BRITISH LIFE SAVING ROCKET 
SERVICE. 


THE Marine Department of the Board of Trade now 
maintains about three hundred stations furnished with 
complete life saving apparatus—195 on the coasts of 
England and Wales, 45 on those of Seotland, 51 on the 
Irish coasts, and others in the Isle of Man, the Channel 
Islands, and Heligoland, besides supplying many more 
with life belts and lines. The apparatus is under the 
charge of the coast gnard, wherever there is a coast 
guard station ; and in many cases there are companies 
of volunteers, not connect- 


When the end of the line is got on board the shipa 
‘‘whip” is put upon it, by which those on land send 
out the block and tally board (Fig. 1). This isa black 
board, the size of a small schooi slate, with instructions 
painted on it, in white letters, in English and French, 
directing the crew what to do. They are bidden to 
make fast the tail of the block to the lower mast, or 
wherever they best can on board, and to see that the 
rope runs free in the block, and to signal this to the 
shore. The next business is to send out a hawser of 
three inch Manila rope, 120 fathoms long, with a sec- 
ond tally board, bearing further instructions to the 


of firing a rocket, the men can throw a ‘‘ heavy cane” 
by hand, with the line attached to it. This cane is 
twenty inches long, and is loaded at one end with near- 
ly 2 lb. of lead. If ever it be necessary for those on 
shore to sever the hawser at the end near the wreck, to 
save it from being lost, or after all the people on board 
are rescued, this can be done by the “ hawser cutter,” 
which is armed with two knife blades (Fig. 2). The 
“whip” is an endless rope, 144 in. thick, more than 
twice as long as the hawser, on which it works, being 
roved through a block, and moving freely when hauled 
from shore. If the shore is flat, the end of the haw- 

ser can be elevated upon 


ed with the lifeboat ser- 
vice, who are enrolled up 

to a number sufficient, 
with the coast guard, or in 
the absence of coast guard, 
to provide twenty-five men 
for working the apparatus. 
They are to be under the 
orders of the local coast 
guard officer, the customs 
officer, the receiver of 
wreck, “‘or under the 
superintendence of some 
person of influence in the 
neighborhood.” 

The apparatus, and the 
method of working it, may 
be thus shortly deseribed : 
A rocket is fired which car- 
ries a line over the ship, 
the crew haul on _ the 
rocket line, and this brings 
an endless rope (called a 
whip), rove through a 
block with a tail attached 
to it, which they make 
fast to aimast or some other 
portion of the wreck high 
above the water. Those 
on shore then haul off to 
the ship a hawser attach- 
ed to the whip, which is 
made fast to the mast or 
other portion of the wreck 
about eighteen inehes 
above the whip. Those 
on shore then set the 
hawser up, and send off to 
the ship the sling life buoy. 
When the buoy reaches 
the ship, one of the ship- 
wrecked persons gets into 
it, and it is hauled back 
with its occupant. This 
process is repeated till all, 
or as many as possible, are 
saved. It is sometimes bet- 
ter to use the whip and 
sling life buoy alone. 
When the vessel is close in 
shore, the heaving cane is 
used instead of a rocket. 

The rocket (No. 6 among 
the figures we have en- 
graved) is that invented by 
Colonel Boxer, R.A., who 
devised a combination of 
two rockets in one case, 
one being a continuation 
of the other, so that the 
first compartment carried 
the projectile to.its full 
elevation, and the second 
gave an additional im- 
petus. The range thus ob- 
tained was found to much 
exceed that of two rockets 
attached side by side to 
one stick. This rocket 
was the same in principle 
as that now used, the 
“compound rocket,” so 
arranged that when the 
first rocket has expended | 


the iron triangle (Fig. 14). 
The boxes for keeping the 
apparatus, and the wagon 
for its conveyance, are 
shown ip other figures, as 
well as the mode of 
“faking” the rocket line, 
or arranging it for ready 
use, as laid in the box. 
The anchor for haw- 
ser, the rope ladder for 
climbing the cliffs, and the 
helmet to protect the 
climber’s head from loose 
falling stones, require no 
explanation. — Jl/ustrated 
London News. 


THE MEIGS ELEVATED 
RAILWAY. 


THE roadbed and rolling 
stock of the railroad of 
to-day have reached their 
high standard through the 
labors of countless inge- 
nious and persevering in- 
ventors, each of whom has 
added his link to make the 
chain more perfeet ; even 
the smallest detail shows 
the combined talent of 
many industrious workers, 
one taking it up, advanc- 
ing ita step, then gi¥- 
ing place to another. It 
therefore seems peculiar to 
be called upon to describe 
a new method of railroad- 
ing designed as a whole by 
one man—a new railroad 
from the ballast to the top 
of the smokestack, from 


the pilot to the coupler on 
the car. 

The system herewith il- 
lustrated is the invention 
of Mr. Joe V. Meigs, of 
Lowell, Mass., and has 
been tested under condi- 


tions far more exacting 
than would be found in 
actual practice. The road 
is not a model, but a full 
sized elevated railroad in 
every respect. This was 


WY 
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made necessary by a sec- 
tion in the act of the 
Massachusetts Legislature 
authorizing the incorpora- 
tion of the Meigs Elevated 
Railway Company, which 
states that ‘‘no location 
for tracks shall be peti- 


tioned for in the city of 
Boston until at least one 
mile of the road has been 
built and operated, nor un- 
til the safety and strength 
of the structure and the 
rolling stock and motive 
power shall have been ex- 
amined and approved by 
the board of railroad com- 


its foree the second rocket 
is ignited, and carries the 
projectile further. The 
stick is 9 ft. 6 in. long, and 
is secured to the rocket by 
an iron pin. The line to 
be earried on board the 
ship is passed through a hole at the lower end of the 
stick, tied in a peculiar knot, and thence passed 
to a hole at the upper end of the stick, where it 
is secured by rings of India rubber and metal, and 
is tied again. The rocket is placed on the stand 
with a trough, called a rocket machine (Fig. 4), 
where the rocket fuse, at an opening in the side 
of the trough, is ignited by applying the portfire 
(Fig. 12). The handle of the portfire is a hollow case, 
which contains seven “primers” if required. It is 
lighted by a detonating primer, and so is the light 
(Fig. 10) used for signals or for illuminating the scene 
ofa wreck. The portfire burns six or seven minutes ; 
the fuse burns ten seconds. The line carried by the 
rocket is 250 fathoms or 1,500 feet in length, weighing 
43 lb,, and is barked or tanned to be more durable. 


1. Whip Block and Tally Board. 2. Hawser Cuttef. 3. Heaving Cane and Line. 4. Rocket Machine. 5. Fuse Box 
Hawser, and Breeches Buoy, 8 Cliff Ladder. 
“faked” in box. 14. Triangle. 


ROCKET APPARATUS OF THE BOARD OF TRADE FOR SAVING LIFE FROM SHIPWRECK. 


9. Wagon. 10. Light. 11. Rocket Line Box, 


15. Anchor. 16. Cliff Helmet. 


| crew, who are to make it fast and see all clear. The 
running rope in the block can then be used to bring 
}men ashore on the hawser, as illustrated in Fig. 7, 
| where the ‘‘ breeches buoy” travels aiong by these 
}means from the left hand, near the mast of the ship, 
| toward the right hand of our engraving, in the direec- 
tion of the shore. The lower part of the running rope 
is, of course, being hauled in by the volunteer life 
| brigade and assistants. The breeches buoy is an ordi- 
| nary cork life buoy, of cireular open shape, with a 
| of tarred canvas beneath, in which are two holes for a 
j}man sitting in the bag to put his legs through. It is 
| attached to the ‘‘traveler block” on the hawser. The 
| above described are the most essential working parts 
of the apparatus. Where the distance from the shore 


to the wreck is not above twenty yards or so, instead 


12. Portfire, 


missioners or by a compe- 
tent engineer to be appoint- 
ed by them.” To fully de- 
monstrate the possibilities 
of the road under widely 
varying circumstances, the 
company has built traeks 
of several kinds—wooden way of the cheapest possible 
kind ; wooden way following the contour of the earth ; 
wooden way with level grade secured by varying the 
heights of the posts; wooden way with very short 
curves and steep grades; and iron way upen high 
grades, increasing in height until a level of 14 feet in 
the clear above the earth was secured. The trial road 
beginning at the shops of the company on Bridge St., 
East Cambridge, has one curve of 50 feet radius, 165 


. 6. Rocket. 7. Whip, 
13. Showing Rocket Line 


bag | feet long, on a grade of 120 feet, and on level and 


curves has grades of 240 feet, 300 feet, and 345 feet. So 
far everything has worked in the most satisfactory 
manner, the train rounding the exceedingly sharp 
curves easily, and mounting the steep grades without 
trouble. 

The peculiar features of this road, wherein it differs 
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most essentially from the ordinary railroad, are the 
wer switch, trucks, passenger cars, engine, drawbar, 
and brakes. 

The posts for an iron way are made up of two chan- 
nel bars united by two plates, thereby forming a box- 
like structure whose cross section way be varied as de- 
manded by location. The posts are to be placed upon 
foundations, the plans of which vary to suit the charac- 
ter of the material that may be encountered. 

The way upon which the train runs consists of a 
single iron girder4 feet in depth foreach span, placed 
over the center line of the posts. The girder carries an 
upper track beam and a lower track beam, upon the 
sides of each of which the rails, four in number, 
are placed. The two bearing rails, which carry 
the load of the train, consist of angle irons placed 
upon the outer upper edge of wooden stringers upon 
the lower track beam. These stringers are placed 
in the exterior recesses tormed by two channel bars 
properly secured to the sides of the posts. These rails 
are fastened to each other, to the stringers, and to the 
track beam by bolts passing clear through. Two ver- 
tically placed rails for the balancing or friction wheels 
are carried by the upper track beam. The distance 
from out to out between the lower rails is 224g 
inches, this being sufficient to insure the necessar 
transverse stiffness. This is the gauge of the road. 
The distance between the upper rails is 1744 inches. It 
is expected to adopt the common form of rail, beveling 
the edges of the lower stringers and placing the rail at 
an angle of about 45 degrees. In our engraving, the 
rails are in the form of a right angle, and the treads of 
the wheels are made with a corresponding right angle 
groove. ‘The usual length of post, 24 feet, would give 
a clear headway of 14 feet, 4 feet being taken up by 
the truss and 6 feet forming the foundation. 

The switch is formed of a single swinging section 
turning upon a hinge of great strength attached to 
one of the posts. A movement of four or five feet 
by the free end of the switch is enough to permit 
the cars and trucks on one track to clear the end 
of the other track. The free end travels upon a 
carriage provided with rollers moving upon a sup- 
porting rail. Suitable mechanism is provided for 
operating the switch and locking it in place. 

The truck is a development of the conditions con- 
trolling the adoption of the permanent way. It 
consists of a horizontal rectangular wrought iron 
frame, stiffened by cast iron pieces and provided with 
stiff pedestals bolted to its under side, in which isa 
fixed short axle for the wheels. Each truck has four 
wheels set at an angle of about 45 degrees, the axles 
being properly inclined. Between the supporting 
wheels are two horizontal wheels, one on each side 
of the upper girder, upon vertical axles attached to 
the frame; these wheels bear upon the rails of 
the upper truck beam, and are kept in yield- 
ing contact with the rails by springs outside the 
boxes, and serve as balancing wheels to take the side) 
osciilations of the cars. They are formed with flanges 
that pass under the lower edges of the rails, thus 
tying the truck to the rails, so that no lifting or! 
jumping can take place, and there is no possibility of | 
the trucks running off the track. The wheels are 42) 
inehes in diameter, have a tread of 3%¢ inches, and | 
rotate independently of each other. In case any or| 
all of the wheels should break, provision is made} 
te. prevent the cars frou, overturning or leaving the 
track, by means of a strong shoe, which would slide 
npen but could not leave the way. On topof the 
track frame is a movable iron frame carrying four 

sts containing heavy spiral springs. These posts 
Mterlock with similar spring sockets bolted to the} 
framing of the floor of the ear, which is direetly above | 
the truck and within 18 inches of the top of the! 
girder. The truck is guided in turning by a center) 
pin, and is securely tied to the car body, as the hori-| 
zontal flanges of its frame castings overlap the rim of 
the upper turntable. In passing curves and switches, | 
the trucks turn upon the balancing wheels placed | 
centrally between the supporting wheels, which are | 
4 feet apart. 

It has been found that, by reason of the independ- | 
ent motion of all the truck wheels, curves are fol- 
lowed so closely that practically the increase of fric- 
tion of the cars upon curves even as small as 50 feet 
radius is too slight to be noticed or measured by | 
weighing in a model one-eighth full size. This con-| 
struction of the trucks also admits of a car 50 feet | 
long turning from a street only 28 feet wide into an- | 
other of the same width, 

The cars possess many novel features, both outside 
and inside. ‘Che circular section and rounded ends 
admit of the strongest possible construction without 
an overweight of waterial. The floor consists of a 

latform made of 5 inch ehannel beams, and is 71 
eet wide by 51 feet 2 inches long. The framing of 
the body is of light T iron ribs, bent in a cirele, | 
filled in by panels covered with rich upholstering, 
which covers all the interior ; the exterior is sheathed | 
with paper and copper. The cylindrical portion is 10 
feet 8'¢ inches in diazeter. While adding to the 
strength, this form is expected to diminish the wind 
resistance fully one-third. The interior of the car, as 
shown in Fig. 1, is light, roomy, and pleasing to the 
eye. The seats are upholstered like the rest of the 
car, and comfort and luxury have been carefully 
studied in every Cetail. At each window is a spe- 
cially designed device for securing ventilation with- 
out the annoyance caused by dust. There is an en-| 
tite absence of sharp corners, so that, in case of a} 
serious accident, the liability of the passenger being 
greatly injured is largely avoided. 

The locomotive consists of a platform car supported | 
upon a truck at either end and housed like the passen- | 


ood car, The floor is 74 ft. wide by 2944 ft. in extreme! 


placed 18 in. above the floor and 61 in. apart. The pis- 
ton rods connect with independent crossheads sliding 
upon steel girders supported’ at their ends by stand- 
ards bolted to the floor beams. 

The driving wheels are 44°6 in. in diameter, flanged 
upon their lower edge like the balance wheels of the 
trucks, and are mounted upon steel axles 6 in. in di- 
ameter, which extend through a sliding box contain- 
ing the journals. The boxes slide in cast iron ways 
placed at right angle to the line of the engine, and each 
axle has a crank keyed upon its upper end. The well 
known slotted yoke connection is used. The slide 
valves are of the usual locomotive form, The links are 
placed in a horizontal instead of a vertical position, 
and are operated by two bell cranks. The throttle 
valve, link rod, brake, and coupling rods, and the con- 
nection between the driving boxes for producing pres- 
sure against the rails, are operated by hydraulic power, 
although hand levers are »yrovided. 

Adhesion of the driving wheels to the rails is ob- 
tained by means of a cylinder and piston secured to 
the sliding boxes. The engineer is on an elevated 
platform in the front part of the engine, the fire- 
man being at the rearend. The Sformer has an un- 
obstructed view through the windows of the monitor 
roof, and before him are five hydraulic cocks, which 
control the throttle, links, sliding boxes of the driving 
wheels, the brake, and the coupling rods of the entire 
train, while just above are steam and hydraulic pres- 
sure gauges and indicators, whistle and bell ropes, ete. 
With an engine thus furnished with provisions for 
griping the rails, steep grades become of minor im- 
portance, as the steepest possible can be ascended if 
the requisite power is provided. 

One turn of the cock controlling the couplings di- 
vides the train into segments of separate cars, each of 
which has a brake which acts automatically upon de- 
tachment from the train. This partially destroys the 
momentum of the whole, and a collision could only 
take place by a succession of comparatively light blows 
from the engine and slowing sections of the train, in- 
stead of by a single blow with the momentum of the 
whole train. 

The brakes are operated upon the balancing wheels 
of the trucks, but they may also be fitted upon the 
supporting wheels. The action of the brakes is well 
illustrated by rails between the rolls of a rolling mill, 
except that the action is reversed. It is apparent that 
no slipping of the wheels can take place, no matter 
what pressure may be brought to bear upon them. 

In the illustration, Fig. 2 is a plan view of a train 
on a sharp curve, Fig. 3 is an end view of the track and 
engine, Fig. 4 isa section through tender and track, 
and Fig. 5 is a section through the car. 

From the foregoing it will be seen that this system is 
as applicable for surface as for elevated railroads. It 
may be more cheaply built than the ordinery road, as 


| the construction of the rolling stock allows the contour 


of the ground to be more closely followed. As an ele- 
vated road in cities, the permanent structure presents 


| far less obstruction to light and air than the usual 


form. The center of gravity of the cars and engine is 
brought as low as possible, thereby lessening the effect 
of leverage caused by wind pressure. The smooth, 
even surface of the exterior of the entire train serves to 
decrease the resistance to the wind, and permits a high 
rate of speed. 


REPORT OF ENGINEER STARK. 


The following is an abstract of the report made to the 
Board of Railroad Commissioners of the State of 
Massachusetts, ‘‘on the safety and strength of the 
structure of the Meigs elevated railway, so called, in 
Cambridge, and the rolling stock and motive power 
used thereon,” by Gen. Geo. Stark, an engineer con- 
nected with the Northern Pacific Railroad. 

The structure has been erected wholly on made land, 
upon what was once the bed of Miller’s River, and the 
mud underneath this made land is soft and deep. In 
addition to this natural difficulty, Capt. Meigs has pur- 
posely introduced artificial obstacles in his track, for 
the purpose of showing that he can run his trains around 
curves of less radius and on grades of greater elevation 
than are now practicable on ordinary steam motor 
railways, and can safely pass horizontal or vertical an- 
gies in the track, of very considerable deflection, One 
of his curves makes an entire semicircle, with a 50-foot 
radius, on a grade of 120 feet tou the mile, and another 
turns nearly a quarter circle, with a radius of 50 feet, on 
a grade of 345 feet to the mile. 

The construction of the track issimple, and the ques- 

tion of its strength and safety is easily determined. 
The entire structure consists of a single line of girders 
supported on a s'ngle line of posts. The two rails on 
which the bearing wheels supporting the load run be- 
ing placed on the upper outside corners of the lower 
boom of the girder, and the two rails that resist the 
ee of the horizontal driving and guiding wheels 
xeing placed on the outer sides of the upper boom of 
the girder. The problems to be solved are, first, as to 
the strength of girder for sustaining a vertical load re- 
presented by the fixed weight of the girder and the 
moving weight of the train passing over it, and for re- 
sisting the horizontal strains and twists that may come 
either from the grip of the driving wheels or the momen- 
tum of the train or the action of wind; and, second, as to 
the strength of the posts for sustaining the weight of 
girders and trains and their stability and power of resist- 
ance against side pressure, caused by momentum or 
wind blowing upon the side of the train. 

The railway company has submitted to my examina- 
tion extensive and thorough computations, made by 
engineers in their employ, to show the force of these 
various strains and the amount and form and quality 
of material required in the girders and posts to safely 
resist and bear the loads and strains to which they are, 


meth; the tender is 25% ft. long, has a tank and bin, or may be, subjected. These eee nee naa show that 


for the water and coal, besides additional room which | the structure as built, is, theoretica 


may be used for other purposes. Upon the floor of the | 
engine are, in effect, two complete stotlonary engines, | 
each connected with a single driving wheel. he boiler 
is of the locomotive type, is 60 in. in diameter, 15 ft. in| 
length, and is placed over the engines, its center line | 
being 61, inches above the floor. There are 200 tubes, 2) 
in. in diameter and 7 ft. long; the grate is 44¢ ft. | 
square, The crown sheet is arched in shape, and is | 
inelined downward at the back end to allow of climb- 
ing and descending grades equal to 800 feet to the mile 
without exposing any uncovered part to the fire. The 
cylinders are i2 by 22 in., and their center lines are 


ly,of ample strength 
and stiffness, under all cireumstances, to safely carry 
the train ; and the numerous trips that I have myself 
made over it with the locomotive and cars practically 
verify these theoretical calculations. 

But for the purpose of more tangible verification, I 
caused one of the longer girders to be loaded, in my 
presence, with a known weight of rearly double the 
amount that could be brought upor it by the train, 
and noted myself the results by gauges arranged to 
show the deflection. The girder experimented upon is 
about 46 feet long, and its lower boom is about 18 feet 
above the surfaceof the ground. Two largeiron cylin- 


ders (rendering tanks) laid on cross timbers were sus- 
pended under the exact middle of the girder by means 
of ac_heavy chain passing over the upper boom. The 
tanks were then filled with water, making an aggre- 
gate weight of water, tanks, chain, and timber of 60,187 
pounds, or about 30 net tons, equa! to a distributed 
weight of 60 tons upon the girder—a load greatly in 
excess of any that could ever be put upon it by the 
train. The depression of the girder at its center under 
this load was seven-sixteenths of an inch. And, on re- 
moving the load, the girder sprang back to its original 
position. 

To test practically the power of the girder to resist 
lateral strains arising from pressure of wind and un- 
balanced loads, computations have been made, based 
upon the force of a hurricane blowing 110 miles an hour 
squarely against the side of the train, when the load is 
out of balance by passengers being at the same time all 
on the leeward side of the car. And the side pressure 
on a girder arising from these extreme conditions is 
computed to be equal to about 4 42-100 tons. By means 
of a cable attached to the center of a girder, and pass- 
ing horizontally over a loose pulley in the top of a 
shear, and suspending vertically a platform loaded 
with pig iron, | applied a force of 5 29-100 tons, to pull 
the girder sidewise, being an excess of 20 per cent. over 
the computed extreme foree of combined hurricane and 
unbaianced lead. The side deflection of the girder at 
its middle caused by this pressure of 5 29-100 tons was 
three-eighths of an inch, This pressure caused the posts 
supporting the girder under test to bend at their to 
one-half of an inch. On removing the weight, the 
girder and posts sprang back to their original 
positions. 

As the iron posts are of good design and well built, 
and securely fixed in place by foundations of timber 
and conerete, and have stood the pressure and strain of 
the train passing over them at frequent intervals for 
some months, I consider them satisfactory, and that no 
further test of their strength is necessary. The method 
of filling them with concrete, so arranged as to mainly 
take the weight, instead of leaving it to be supported 
by the iron shell, is especially commendable. 

The wooden posts now in use on the low part of the 
structure answer very well for experimental purposes, 
but ina line intended for city traffic 1 should advise 
that iron posts, filled with concrete, be adopted in all 

The structure of this experimenta! piece of railway, 
as now submitted to my examination, is, in my opinion, 
| safe, and sufficiently strong, except in the plate angle 
|iron rails on the lower boom of the girder, which have 
proved too light, and are about to be replaced with 
heavier ones. It contains, however, objectionable 
curves and grades and angles, purposely placed there 
for extreme tests, to show what obstacles may be over- 
come if necessity coumpels them to be encountered, and 
| to find out what changes may be desirable in the pro- 
| portions of the machinery. In my opinion these ex- 
|treme features should be eliminated, and, wherever 
| possible, kept out from any line intended for business 
purposes. 

The motive power and rolling stock submitted to my 
examination consist of a locomotive weighing about 
80 tons, a tender veighiog about 14 tons, and a passen- 
ger car weighing about 17 tons, making up a train of 
about 61 tons, aggregate weight, when empty. 

Excepting the distinetive rnnuing gear, or trucks, of 
this railway system, the general features of the motive 
power and rolling stock correspond to, or are es peey 
improvements upon, the locomotives and cars of ordi- 
nary steam railways. 

A cylindrical shape has been adopted for all the 
equipment ; for whieh shape peculiar advantages are 
claimed as to safety, convenience, and economy, and 
eens as to offering less resistant surface to the 
wind. 

The car is more elegant and commodious internally 
than ordinary cars, and, being largely built of metal 
instead of wood, is safer as regards fire, or as regards 
splinters, in case of accident. The turntable arrange- 
ment of the trucks also seems stronger and safer than 
the trucks now in common use. 

The leading features of the system center in the 
trucks. They are constructed to straddle the girder, so 
that, if all the bearing wheels were knocked off, the 
fall of the truck would not be over two or three inches, 
on to the top boom of the girder, on which it would 
slide or rest. 

The wheels that bear the weight, instead of being 
placed in the ordinary upright position, are fixed at an 
angle of about 45 degrees from the vertical plane. The 
bearing face of the wheels being grooved to fit down 
upon the angle iron supporting rail, on the upper 
corners of the lower boom of the track girder, so as to 
bear both downward and inward on the rail. Each 
wheel has its own independent axle, securely fixed in 
the iron jaw of the truck, at right angles to the plane of 
the wheel. By this arrangement, the axle strains and 
the slipping of wheels on curves, so troublesome in 
wheels and axles of the ordinary construction, is wholly 
avoided ; and it becomes possible to use sharper curves 
in the track than have ever before been practicable. 
Each truck has also two horizontal guide wheels, bear- 
ing against the rails on the sides of the upper boom 
of the track girder, to pervent the truck from swaying. 

As the sustaining rails of the track on the lower boom 
of the girder are but 224 in. gauge, and the wheels 
stand sloping outward from these rails, on an angle of 
about 45 degrees, the first appearance of the rolling 
stock, to a casual observer, is one of extreme instability. 
Bat upon investigation and practical test, this appear- 
ance is found to be deceptive. Careful mathematical 
and mechanical analysis of the arrangement of the 
wheels and axles shows the plan to be theoretically 
correet.; and that, as a matter of fact, this arrangement, 
of trueks, upon properly constructed girders, is more 
stable and more safe than the trucks of ordinary rolling 
stock upon the ordinary railroad tracks. 

For the purpose of testing the safety of these trucks 
in the event of accident, I caused one wheel to be re- 
moved from a truck under the car, so that the car 
would be in the condition of losing a wheel by breakage 
while in motion. The train was then run over the track 
with one wheel gone. There was no perceptible tip- 
ping of the truck on account of the absence of this 
wheel, and no apparent tendency to derailment. The 
absence of the wheel would not be noticeable to pas- 
sengers in the car. 

I also caused a section of the supporting rail and 
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timber of one side of a lower boom to be cut away and | are the horizontal driving wheels, which pull the train | ing machinery of great perfection and power to over- 


removed, leaving an open gap of about six feet in the | by side pressure on the rails of the upper boom of the 
track. The car was then pushed over this gap, and, of | girder, and the hydraulic attachment by which the | expected, proved weak in some of its minor proportions, 


come these extraordinary obstacles), it has, as might be 


course, became derailed ; but it only dropped about | pressure or adhesion of these driving wheels upon the | and there has been more or less breakage in the strained 
two inches, and slid along on the upper boom as secure- | rails is created, naintained, and regulated, at will, by | parts. All the defects thus far developed seem, how- 


av if on its wheels. The center of gravity being but | the engine driver. 
t 


l 
little above the boom on which the car rested, the side} This motor has accomplished some remarkable feats. |in future construction, the proj 
wheels and truck jaws held the car effectually in hori-| 1t draws itself and the attached train, with apparent | will be greatly improved. 


ever, to be susceptible of easy remedy, and no doubt, 


of the 


zontal position, with very little strain. Apparently, a|ease and at great speed 
derailed car, on this system, could not tip over, which | up heavier grades than t 


i= 


THE MEIGS ELEVATED RAILWAY SYSTEM. 


around wnepee curves and| With so radical adeparture from the crdinary mode 
he ordinary locomotive can | of applying locomotive power, it is only to be expected 


cannot be said of ordinary railroad cars on the ordinary | pass. But being the first of the kind ever built; of full | that perfect a pe wo will develop slowly, and out 
t 


railroad tracks. 
The locomotive has some minor novelties of construc- nese 


tion besides the truck arrangement above alluded to, | men 
Rot necessary here to 


ibe ; but its main features | trial on unusual grades and curves and angles, req 


size, and having been from the outset put at work ona|jof the resu 


urposely 
stage any existing weakness of Genes {through ventions. The result of my invest 
uir- | summed up as follows : 


s of extended use or practical <u 
planned to bring out in this experi-| ments. This is but the usual rule, applying to all in- 


ions may be 
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The experimental section of the Meigs elevated rail- | 
way now in use at East Cambridge is, in my opinion, | 
abundantly strong for its intended use as an elevated 
railway track, and is safe for the passage of its equip- 
ment, 

The rolling stock and motive power used thereon is | 
also strong and safe for its intended use, no breakage | 
having occurred, or being likely to oceur, that could 
—— personal safety, either in or out of the cars. 

line of railway, properly constructed on this prin- 
ciple, for passenger or freight traffic,and equipped with 
such roiling stock and motive power, on this principle, | 
as the Meigs company is now prepared to perfect and | 
build, would, in my opinion, be at least as strong and 
safe for any kind of traffic as the ordinary surface or 
elevated steam railways now in common use, 

In view, however, of the imperative necessity for the 
best class of design and construction in everything ap- 
pertaining to an elevated railway, I think it would be 
wise for the State of Massachusetts, through its board of 


railroad commissioners, or otherwise, to regulate the | He 


strength and design of all material used in construction, 
and the weight and design of equipment to be run, ete., 
as is done by New York through its “rapid transit 


comthission ” for elevated railroads in that State. if 


IMPROVED GAS FIRE. 


Mr. WILLIAM Fou.is, General Manager of the Glas- 
gow Corporation Gas Commissioners, has devised a gas 
fire in which is embodied a new departure in domestic 
firing by the use of gaseous fuel. 

It may be premised that the essential point in the 
construction of this new form of gas fire is that the 
combustion of the gaseous fuel shall, as nearly as possi- 
bie, be completed in a separate combustion chamber, 
without the flame coming into direct contact with the 
material that is to be rendered incandescent. This 
principle has guided the inventor in his labors, because 
of the now well-known fact that the contact of flame 
with even red-hot surfaces exerts an injurious effect on 
the process of combustion. It is the same principle 
that Mr. F. Siemens has so forcibly dwelt apon during 
the past two or three years. In order that he might 
attain the object aimed at—viz., the most perfect com- 
bustion of the gas that is practically possible—Mr. 
Foulis has adopted in his gas fire a special combustion 
chamber, lined with fire-bricks, and situated under- 
neath the material in which the heat is to be rendered 
visible. It is in this chamber that the combustion 
takes place. The chamber has a lining of four special 
fire-bricks—one on the top, one at the bottom, and one 
on either side ; and consequently the flame never comes 
in contact with the east iron forming the outer shell of 
the fire. As this lining consists of highly refractory 
material, it very soon attains a high temperature ; the 
chamber becoming, in reality, a sort of furnace ona 
simall scale, in which the flame heat is most intense. 

The material used for simulating the coal or coke fire 
is a fire-clay brick of special quality and peculiar con 
struction ; the front portion of the brick being formed | 
of an irregular fretwork, so as to resemble as closely as 
possible a mass of brightly glowing coal or coke. For 
the largest size of the new gas fire the burner brick 
measures some 9 or 10 inches across, and it is about 7 
inches in height, while its thickness is 3g inches. Its 
posterior surface, where it lies in contact with one of 
the cast-iron plates of the stove, is quite flat and 
anbroken. This portion of the brick is about 1 inch 
thick ; and on its front surface are formed a series of 14 
ineh ribs or * gills,” with intervening flutings. Then the 
front portion of the brick is moulded upon thisina 
yery irregular manner by hand, and there is left a) 
flame space in which a complete system of “ baffling” 
is effected. On the lower edge of the burner brick 
there are left a series of openings corresponding to the 
number of Bunsen burner tubes used in each gas fire. 
At present two sizes of tires are being made, one hav- 
ing six burners and the other four. The larger of the 
two fires is designed to consume 36 cubic feet of gas per 
hour. Each burner has a stopcock, so that the inten- 
sity of the fire nay be modified at pleasure. 

n finding their way through the baffled passages of 
the burner brick, the highly heated products of com- 
bustion raise it to nearly a white heat in its lower half; 
the heat gradually diminishing to a bright red in the 
upper portion, so that the appearance which a ‘* good- 
going” fire presents to view is one of the very best 
*make-believes” yet brought under public notice. 
The hot products of combustion pass upward to a 
certain level, and then their course is directed down- 
ward and outward by a flue ata low level to the 
chimney. Immediately at the back of the descending 
flue just referred to there is another, by means of 
which fresh air is admitted. This finds entrance at the 
— portion of the fire. The plate forming the 

of the descending flue has cast on it a series 
of “gills,” each about % inch in breadth ; and in this 
way there is provided a large amount of surface for the 
fresh air to come into contact with, and absorb its 
heat. The air so heated finds its way into the atmo- 
of the apartment without being, even in the | 
slightest degree, contaminated with the products of | 
combustion or with unconsumed gas. There is also a 
hot-air space or chamber, having a width of about 4 
inch, at each side of the stove. The air heated in the 
manner explained escapes into the atmosphere of the 
room by a series of fretwork apertures placed imme- 
diately under the top of the fire and in front. 

Referring now briefly to the accompanying illustra- 
tions, we may state that Fig. 1 shows the general ap- 
pearanee of the new gas fire. The fire is represented 
as being set out some distance into the room on a floor- 
ing of encaustic tiles, which also form the “ backing” 
of the fire. A certain amount of ornamentation is| 
likewise imparted to the fire by inserting a couple of | 
tiles in front of the combustion chamber, and a like | 
number in the top of the fire. By means of horizontal | 
bars connected by two upright pieces, another touch of | 
resemblance to the coal-fired grate is imparted to this 
open gas fire or stove. To some extent this arrange- | 
ment of front bars also forms a sort of protection to| 
the burner bricks. In some cases the tire is made with | 
a trivet fitting placed beneath the front bars. The} 
lighting of the fire is done through a small peephole on | 
either side, Fig. 2 is a sectional view of the tire. At} 
Ais the burner brick, with its front of irregular fret- | 


work. It is this that becomes incandescent by the hot 


roducts of en ges upward from the com- 


tion chamber, B. he principal air supply to the 


burners is drawn through the passage, C, in which it 
becomes heated before entering the combustion cham- 
ber ; so that this part of the fire acts as a regenerator. 
So far as we are aware, this is the only gas fire in 
which the regenerative principle has been effectively 
earried into practice. In saying this we are not 
unmindful of the fact that the late Sir W. Siemens 


made an attempt in the same direction in his gas and | 


coke fire, which excited some attention at South Ken- 
sington a few years since. The hot gaseous products of 
combustion, after passing through the interstices within 
the burner brick, find their way (as indicated by the 


Fie. 1.—FOULIS’ GAS FIRE. 


arrows turned downward) through the flue to the 
outlet into the chimney, E. The cold fresh air is 
admitted at the openin at D, and it passes u 
through the chamber, F, where it becomes heated, 
and eventually finds its way into the atmosphere of the 
room, to be heated through the apertures shown at G. 
It should here be mentioned that both sizes of the 
gas fire now being made may also be had without the 
arrangement just referred to for supplying a current of 
warm fresh air to the apartment. In its complete 
form, however, the fire is certainly one of the most 
efficient appliances of the kind yet devised for heating 
by gas. At the same time it possesses some artistic 
beauty, which makes it pleasing to look upon ; while 


a 


A. Burner brick, 
B. Combustion chamber. 
} SF, D. Cold air inlet, 
\ NX E. Flue to chimney. 
Chamber for heating air. 
Hot air ontlet, 
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Fie. 2.—SIDE SECTION OF FOULIS’ GAS FIRE. 


the glowing heat which it disseminates engenders a 
physical pleasure that has only been enjoyed hitherto 
from an open coal fire. Made by R. & A. Main, of 
Glasgow.—Journal of Gas Lighting. 


THE GAS COMPANIES OF AMERICA,* 
By Wm. W. Goopwin. 

THE number of gas companies in the United States, 
as near as can be determined, is 971; in the Dominion 
of Canada, 47; ora total for both of 1,018. 

Of these companies, 888 in the United States re- 
sponded, in a greater or less degree, to our request for 
information, and 83 failed to reply. Of the companies 
in the Dominion of Canada, 40 replied, 7 failing to re- 
spond, 

Of the 888 companies in the United States that replied 
to our inquiries, 592 manufacture gas from coal, and 
296 manufacture under one or another of the various 
patents and processes known as simple water gas, or 
water and oil, water, coal, and wood, ete., systems. 

In the Dominion of Canada, out of the 40 replying, 
24 companies make gas from coal, and 16 from all other 
processes, 

The 971 companies in the United States employ 2,801 
persons, who fill the respective offices of president, 
secretary, treasurer, superintendent, and engineer, 


* A paper read at the fourteenth annual meeting of the American Gas 
Light Association, Philadelphia, Pa., October, 


In some of the companies several of these positions are 
filled by one person. 

Of the companies in the United States that replied, 
140 gave process and price, but nothing in regard to 
output ; 38 gave process, but nothing as to prices and 
output; 7 mentioned output and process, but no 
prices ; 5 gave prices, but neither output nor process ; 


|} 1 gave but no price or process; and 72 were 


silent on all the foregoing particulars. In Canada, of 


| those that replied, 2 gave price and output, but nothing 
| as to process ; 1 mentioned price and process, and was 


silent as to output ; 1 returned process, and said no- 
thing about price or output; while 4 were silent on 
these items. 

PRICE CHARGED PER THOUSAND CUBIC FERT. 


United States. 

o. 

Cos, Rate. No, Cos. Rate. No Cos. Rate. 
$0 75 $1 93 $3 

1 00 3 Ww 
| 212 3 25 
1 40 caked 2 20 3 60 
1 43 2 25 387 

1 60 2 40 45 
1 62 2 43 - 500 
1 65 2 44 6 00 
1 66 250 6 50 
1 70 2 60 7 00 

1 7% 27 8 00 
Kees 177 2 10 00 

PRICE CHARGED PER THOUSAND CUBIC FEET. 
Canada. 

No. 

Coa. Rate. No, Cos. Rate. No. Cos, Rate. 
1 50 2 68 3 2 
2 00 2 70 3 25 
2 2 80 4 00 

PRICK RECEIVED PER YEAR FOR PUBLIC LAMPS. 
Canada. 

Rate. No, Lamps. Rate. No. Lamps. Rate. No. Lamps. 

$18 80...... 160 $20 00...... 3,982 $25 00..... 44 
902 244 28 00...... 126 
20 23 00...... 142 250perM 60 
275 1 — 

Total number public lamps .. ............ 9,113 


PUBLIC LAMPS IN UNITED STATES, MAINTAINED AND 
PAID FOR IN VARYING MANNER, AS STATED IN 


HEADINGS. 

No, Lamps. Per Hour. No. Per 1,000 No. Each 
356 . $0 01 Lamps. Cu. Ft Lamps. Per Year. 
100.... 1 21 $3 60 31....$19 35 
142. 42.... 3:80 1,806... 19 50 
100... 1 212... 400 2,495... 19 80 

11.... 500 4,899.... 20 00 

No. Lamps. Per Night, 182.... 20 52 
150.... 6 - 1,523 eee 21 00 
50 6% 218.... $6 00 299.... 21 50 
215... 9 2h.... 8 00 2,700.... 21 75 

5.100... 18 85.... 9 60 7,581.... 22 00 
186... 9 78 1,638.... 2% 50 
a 176.... 1000 81042... 28 00 

No. Lam ‘ Per M . Sticks 23 32 
18 00 87.... 28 40 
416... 15 528.... 12 28 51.....28 50 

nee 726.... 12 50 61.... 23 72 
— 405... 1800 4,756... 24 00 

No. Lamps. Cu. Ft. 43.... 18 40 6,563... 25 00 

55.... $1 00 178.... 13 50 233... 25 15 
251.... 14 00 127.... 25 50 
Per 1,000 180 ... 14 25 279.... 26 00 

No. Lamps. Ca. 72.... 14 40 .. 26 50 

1,500... $0 55 500.... 14 50 1,199.... 27 00 

2,800.... 71 107... 14 72 262.... 27 50 

1,407... 75 269. 14 75 3,996. .. 28 00 

7,476. 1 00 3,058. . 15 00 707.... 29 00 

5,161.. 1 05 50.... 15 36 6,919... 30 00 
671.... 1 20 112. .. 155 

7,000.... 1 23 131.... 15 60 518.... 32 00 
40.... 1 25 2,000.... 15 63 1,779.... 38 00 

5,769.... 1 30 485.... 16 00 .-- 35 00 

1,856.... 1 40 162.... 16 25 604.... 36°00 

24,844.... 1 50 545.... 16 50 3,340.... 37 00 
841.... 1 60 1,222.... 16 66 121 .. 37 2 

1,833.... 1 65 46.... 16 75 1,033.... 37 50 
94.... 16 80 . 88 00 

4311.... 1% 763.... 17 00 38 _.. 38 50 

1,693.... 1 80 70.... 17 15 110... 39 00 

kvees.... 1& 60.... 17 40 156.... 40 00 
545... 190 116... 17 41 35.... 40 30 
500.... 1 95 19,035.... 17 50 3.... 42 00 

5,688.... 2 00 959.... 17 75 46.... 43 2 
900.... 2 25 WF 27.... 48 25 
44.... 2 35 400.... 17 80 225.... 44 76 

1,428.... 2 50 7,478.... 18 00 95 ... 45 00 
104.... 2 65 1,708.... 18 12 384.... 48 00 
35.... 2 70 68.... 18 50 267.... 49 20 
300... 2 75 103.... 18 72 39.... 50 00 
89 .. 280 431. .. 18 74 110... 52 20 
564... 300 1,686.... 19 00 55.... 60 00 
41.... 310 301.... 19 20 14.... 66 00 
171... 3 50 76.... 19 25 21... 69 00 

RECAPITULATION OF ANNUAL OUTPUT, SELLING PRICE, 

United States. 
Annual Outpat, Av. Price 


Cubic Feet. 
Coal process. . . .17,502,3°5,000 
Other processes. 5,554,401,800 


All processes 
combined... .23,056,706,800 


P 
than coal at $6 
or less per M.. 5,526,301,800 $10,014,263 =$1.81 4, 


Amount Received. per M. 
$30,452,710 =$1.73;%5 
10,291,963 = 1.852); 


$40,744,073 =$1.76,%4, 
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If ‘“‘other processes” in excess of $6 M be de- 
ducted, the grand average price will be $1.757,% per M. 


RECAPITULATION OF ANNUAL OUTPUT, SELLING PRICE, 


Canada. 
Annual! Output. Av. Price 
Cubic Feet. Amount Received per M. 
Coal process........ 629,500,000 $1,102,665 =$1.75 
Other processes.... 396,950,000 600,475 = 1.51 
All processes com- 
bined...... ++ -1,026,450,000 $1,708,140 =—$1.65,43, 


Total number of public lamps maintained in consid- 
eration of a fixed sum per lamp per annum equals 
100,004, and the gross annual amount received for saine 
equals $3,319,287.85, or an average price of $30.17 per 
lamp perannum. The total lumber of lamps annual- | 
ly maintained in consideration of rates of payment | 
other than a fixed sum per lamp per annum equals 
86,897. Adding the two, we have a grand enumerated 
ba iy public lamps in the United States equal to 
186,901. 

In order to more vividly appreciate the vast magni- | 
tude of the business of the gas manufacturers of our 
country, the quant:ties of material used in that manu- 
facture, and the vastness of the product, I have made | 
various forms of calculation which will present the sub- | 
ject in such shape as to be readily realized and under- 
stood. Few persons comprehend the magnitude of 
anything whose aggregate is presented to them in 
figures we the term billions, further than to 
understand that something very great or immense is 
meant; but when presented in a representative form 
or comparison, these magnitudes are better compre- 
hended. 

The annual output of the 495 coal gas companies of | 
the United States amounts to 17,502,305,000 cubie feet, 
and that of those in Canada to 629,500,000, or a total of 
18, 131,805,000 cubic feet, which required for its produc- 
tion about 3.817,222,105 pounds, or 1,908,611 tons, of 
coal, and would require 159,050 cars (each car having a 
carrying capacity of 12 tons) for its transportation. 
These, if divided into trains of 40 cars each, would 
equal 3,976 trains ; and if the locomotive of each train 
touched the rear car of the preceding train, they would 
cover a track 903 miles long—allowing 4°4 trains to each 
mile. If the coal were placed on the ground, it would 
form a road 6 feet wide, 1 foot deep, and 2,549 miles 
long ; or would make a belt around the world about 
8 inches deep and 12 inches wide. 

In the matter of the residual products obtained from 
the distillation of the total quantity (1,908,611 tons) of 
— annually carbonized, we have the following re- 
sults : 

Ammoniacal liquor, at 23 gallons per ton, equals 
43,898,053 gallons, which, if turned into sulphate of am- 
monia, would produce 30,000,000 pounds. 

Tar, at 12 gallons per ton, equals 22,903,382 gallons. | 

Coke, at 0°75 ton per ton of coal, equals 1,431,459 tons 
=43,943,770 bushels. 

Benzine, at 1'l1 pounds per ton, equals 2,099,472 
pounds. 

Aniline, at 1°1 pounds per ton, equals 2,099,472 
PRolvent htha, at 2 

olvent nap! at 24 unds per ton, uals 
4,580,666 pounds. ” 
N “. “em at 63 pounds per ton, equals 12,024,249 


pounds. 
Naphthol, at 4°75 pounds per ton, equals 9,065,908 
Povelion hth 9°5 d 

Yellow naphtha, at 9° unds r ton uals 

Creosote, at 17 pounds per ton, equals 32,446,387 
pounds. 

mene oils, at 14 pounds per ton, equals 26,720,554 
pounds. 

— at 0°46 pound per ton, equals 877,961 

unds. 

Alizarine, at 4:25 pounds per ton, equals 4,294,374 
pounds. 

a at 69°6 pounds per ton, equals 132,839,325 
pounds, 

Phenol, at 1°5 pounds per ton, equals 2,862,916 
pounds, 

The colors derived from the coal would dye to a full 
shade of magenta (at 500 yards per ton) 954,305,500 
yards of flannel 27 inches wide. Naphthol (yellow, at 
3,890 yards per ton), 7,252,721,800 yards flannel 27 inches 
wide. Aurine (orange, at 120 yards per ton), 229,033,320 
yards flannel 27 inches wide. Alizarine(Turkey red, at 
225 agen per ton) would dye 429,437,475 yards of calico. 

The annual output of the 206 companies employing 
water or other processes equals 5,952,101,800 cubic feet, 
which would require for its production about 357,126,060 
pounds (or 178,563 tons) of coal. That weight of coal 
would require 14,880 cars—capacity of each as before— 
for transportation. The trains, if allowed 40 cars to 
each, would number 3872; and if the locomotive of 
each train touched the rear car of the preceding one, a 
track 84'¢ miles long would be occupied. 

The quantity of oil used would equal about 29,760,505 
gallons, requiring to move it 240 trains of 40 cars each, 
arranged as the coal trains were, and covering a track 
56% miles in length. The oil used would filla main 
751 miles long and 13°56 inches diameter. The total | 
quantity of gas manufactured would fill a main 13°56 | 
inches diameter (equal to 1 square foot) and 4,651,346 | 
miles long. That is equa! to 19 times the distance of 
the moon from the earth: or it would fill a pipe of 
same diameter that would encircle the earth 190 times, 
or would fill a single pipe leading from the earth to the 
moon having a diameter of about 59inches. The total 
annual output of the 723 companies mentioned in this 
calculation in the United States and Canada—i. e., 
using coal and other processes—equals 24,083,906,800 
cubic feet, and would supply 4,816,781,360 five-foot 
burners for 1 hour. If each flame had a superficial 
area of 6 square inches, it would support for one hour a 
flame having a total area of 200,698,456 square feet ; or 
a band of one foot wide and 30,011 miles long, 
burning one hour; or a flash of flame, one second in 
duration, 1 foot wide, and 136,839,600 miles long— 
which would cover the distance to the sun 1% times, 
or nearly a quarter of the earth’s orbit. Again, it 


would make a flame having a width of one mile that 
would encircle the earth. 
If it. could be converted into energy through the 


be developed, which would be capable of raising 
86,125,360,221,000 pounds 1 foot high in a minute of 
time; or would raise one pound 6,842,018,975 miles in 
one minute of time; or would project a ball, weighing 
74 pounds, into the sun in a similar period of time. If 
it were possible to obtain the velocity which would be 
the result of this projection, it would equal 1,533,333 
miles per second, or about three times greater than the 
velocity of light, which is reckoned at 182,000 miles per 
second. 

Companies to the number of 295 remain to be ac- 
counted for, 723 having been considered in the fore- 
going ,estimates, Placing the annual output of the 
295 companies at one half the average of the companies 
we have considered, we see it will equal about 
4,918 372,000 cubie feet, which, at $1.75 per thousand, 
possesses a money value of $8,600, Now, the 
24,083,906,000 cubic feet output of the 723 companies 
was worth $42,447,812.25, and adding thereto the esti- 
mated output of the 295, we have a total make of 
28,997,528,800 cubic feet, witha value of $51,047,812.25. 

In order to give some further idea of the magnitude 
of the business, I have placed the capital required to 
carry on this vast enterprise at $9 per 1,000 feet of out- 
put, which will equal about $261,065,502, or nearly $5 for 
every man, woman, and child in the country. Certainly, 
these figures show somewhat of the vast magnitude of 
the business in which we are engaged, and entitle us to 
more consideration than we receive at the hands of 
those we are trying to serve by untiring efforts to give 
them good and cheap gas, and the benefit of all im- 
provement that helps to cheapenits manufacture. We 
often hear people talk of the outrageous imposition of 
gas companies in charging exorbitant — for gas. 
If the figures herewith submitted do nothing else, they 
certainly disprove that charge. 

In conclusion, I trust my humble efforts have demon 
strated to you that we have a business possessing a 
magnitude greater than any of you supposed—it cer- 
tainly exceeded my ideas; further, that it is one we 
may well be proud of, and is worthy of our best efforts 
to perfect in every possible way. 


AN APPARATUS FOR MAINTAINING CON- 
STANT TEMPERATURES UP TO 600° F.* 


By G. H. Battery, D.Se., Ph.D., Assistant Lecturer on 
Chemistry, the Owens College. 


*SEVERAL months ago this apparatus was described 
before the Chemical Society. It consists essentially of 


Notr.—The upper figure is drawn to only half the 
scale of the lower. 


a furnace (not shown in the figure) of six Bunsen burn- 
ers, a heating tube, an air thermometer (so arranged 
that the temperature may at any time be estimated), 
and a regulator by which the temperature may be 
limited and kept constant. 
scribed in the order given. 
The heating tube (A)is of combustion glass, closed 
at one end; it is 25 cm. long and 4 ecm. in diameter, 
and is placed horizontally within an iron casing over 
the furnace. Within this is the heating tube proper 
(C), into which the substance to be heated is introduced 
in a platinum boat (D), while alongside this tube is the 
bulb (B) of the air thermometer. 

In order that the temperature, as indicated by the 
air thermometer, may as nearly as possible correspond 
with that of the substance heated, the inner tube and 
air thermometer are arranged along the horizontal di 
ameter of the outer tube, and this latter is separated 
from the iron casing by an airspace. In point of fact 
it is found that the variations of temperature do not 
exceed 2 or 3 degrees. The bulb of the thermometer is 
connected, by means of acapillary tube, with a U-tube 
(E), the near limb of which is in the first instance filled 
with mercury, while the further limb contains a coluinn 


agency of a gas engine, 1,094,723,036 horse power would 


*A r read before the British Asseciation, Birmingham meeting, 
Section Chem, News. 


These parts will be de-|f 


of 80r4 em. As the heating proceeds, the column of 
mercury in the near limb of the U-tube is depressed, 
the amount of the depression being a measure of the 
temperature ; indeed, the instrument may be graduated 
by noting the temperature on a high-boiling ther- 
mometer placed in the heating tube, and the reading 
of the mnereury column on the millimeter seale attached 
to the U-tube. The further limb of the U-tube answers 
as regulator, and by it we are enabled to limit the 
temperature to any desired degree. This is done b 
causing the gas supply for the furnace to pass peck 
the tube (F, H), and out at the side tube (G). At H, 
the tube is cut off slantwise, and perforated witha 
small hole a little above the outlet, as in an ordinary 
gas regulator. As, then, the column of mercury is de- 
pressed in the near limb of the U-tube, it rises in the 
further limb, ultimately reaching the outlet (H), and 
partially cutting off the gas supply. It is evident, 
therefore, that if the outlet of the regulator is only a 
short distance above the mercury, this point is soon 
reached, and a low limit of temperature (say 100°) is 
attained. The temperature can be kept at this point 
for any period desired. Then, by raising the regulator 
somewhat (and this is easily done, since it slides in the 
India-rubber connection, K), a higher limit (say 120°) 
can be attained, and so on up to 600°, beyond which no 
trial of the apparatus has been made. 

In order to prove that the apparatus is reliable, the 
author has determined a number of melting points 
with it. He has also calculated the temperatures from 
the known volume of the air thermometer bulb, ac- 
cording to the law of ‘expansion of gases. 

An attempt to control the higher temperatures by 
Siemens’ electrical method, though it showed general 
agreement, cannot be said to have confirmed the ob- 
servations with any definiteness, since in this method 
so much depends on the particular character of the 
platinum used. 

The immediate purpose for which the apparatus was 
designed is the determination of the atomic weight of 
those elements in which it is necessary to employ the 
normal sulphate, and the author is of opinion that b 
the use of such means the determination from the sul- 
phate may attain a much higher degree of accuracy 
than heretofore. The normal sulpisate will be heated 
at successive temperatures until decomposition begins 
to set in, this point being indicated by aspirating a 
current of air through the heating tube after each 
period, and passing it through asolution of barium 
chloride. 

Having determined the lowest temperature at which 
decomposition oecurs, the sulphate is then heated with 
excess of sulphuric acid, and that point determined at 
which it loses all free sulphuric acid ; and these tem- 
peratures having been ascertained once for all, it is 
only necessary in farther experiments to heat the sul- 
a (with excess of sulphuric acid) at some tempera. 

ure lying between these limits until constant. 

As the process can be watched and the products of 
decomposition collected and examined, it is hoped that 
the apparatus may |p useful in examining the 
general phenomena of decomposition of salts by heat. 


PHOTOGRAPHY OF MOVING OBJECTS, AND 
THE STUDY OF ANIMAL MOVEMENT BY 
CHRONO-PHOTOGRAPHY.* 

By E. J. Marry. 


MorIon is an essential attribute of life; it is the most 
apparent, if not most easily understood, manifestation 
of it. In the body of a living being motion exists every- 
where; the blood circulates, the heart beats and arteries 
pulsate, the lungs alternately fill with airand empty 
themselves. Every organ undergoes alternative varia- 
tions in volume; rhythmic movements of expansion and 
contraction are connected with the intermittent flow of 
blood as it traverses them. The muscles continually 
vibrate under the influence of the motor nerves. In fine, 
there is not one element of the organic tissues which, 
in its evolution, does not change its form, its volume, 
and its position. Thus, weak or stror zg, slow or rapid, 
motion prevails in all the parts of living beings. 

Besides these internal or organic movements, some- 
times so slight that our senses cannot perceive them, 
there are others, entirely external, rapid, extended, en- 
ergetic. These are the movements of the subjective 
life ; such are the locomotion of man, the different gaits 
of quadrupeds, the flight of birds, ete. 

While the organic movements are often concealed by 
their slight extent or their slowness, those of animal 
life escape observation by their greatness, suddenness, 
variety, and complication. — 

The duty of the physiologist is to invent all sorts of 
artifices to render visible these different movements, 
and determine rigorously their character. I have spent 
many years in seeking for methods, in inventing or in 
perfecting apparatus designed to measure organic 
movements. still pursue my task, and to-day endea- 
vor to introduce exactness into the analysis of the 
movements of man and of different species of animals. 

Whatever movement is to be studied, it can only be 
expressed in one satisfactory manner. It is to give its 
figure or its graphic expression. In the simpler cases 
the movement transmitted to certain apparatus is 
automatically recorded on a piece of paper uniformly 
unrolled. A curve is thus obtained whose sinuosities ex- 
oress char in direction or in velocity, in other 
words, all the phases of movement. 

Inscribing or registering apparatus are now toonumer- 
ous and too well known for me to enumerate them or ex- 
plain their use. It will suffice for me to show you the 
curves given by the pulsations of the arteries to prove 
how fully the registration of these movements reveals 
delicate shades of difference that escape recognition by 
the most skillful touch. 

Fig. 1 shows several pulse curves obtained the 
sphygmograph. The examples are at random. 1e ex- 
treme variations can be seen at a glance. By a similar 
process the trace of the beats of the heart of @ man are 
obtained by applying aspecial instrument to the part 
of the chest where the heart movements are most easily 
discernible. In these curves the variations are greater 
than in those of the pulse. Every inflection shows some 
functional phase Physiologists and physicians have 
learned the functional or clinical meaning of most of 
the forms. Of all these registering apparatus, it may 
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be said that they express in a complete manner move- 
ments that direct observation can only imperfectly 
reach. 

For the analysis of the movements of the external or 
subjective life, registering apparatus has a very limited 


8co 
You can easily imagine the difficulties encountered in 


Fra. 1.—Sphygm phic traces of the pulse in differ- 
ent patients. hese types are taken at random, 
merely to show the variety of graphic forms. 


imparting to fixed apparatus the movements of a body 
that changes position, and to reduce these movements 
when tooextended, too violent or too rapid, asin the case 


of a running quadruped or flying bird. Some attempts 
had y given important results. Thus I have ob- 


animals, mechanical methods of inscription must give| 
way to another application of the graphie nethod more 
simple and perfect, because it inscribes the novements 
without impeding them in any way. I refer to chrono- 
photography. 

A long period has passed since our learned physicist 
and astronomer Janssen, by a species of intuition, pro- 
phesied that photography would sooner or later supply 
the means of analyzing the movements of animals. 
skillful photographer of America, Mr. Muybridge, in 
part solved this problem by brilliant experiments. I 
wish briefly to deseribe his method of work. 

Mr. Muybridge arranged one after the other a range 
of photographic instruments facing a white screen, be- 


Fria. 4.—Stereoscopic image of the movements of a 
brilliant ball carried on the head of a walking 
man, 


fore which passed an animal walking, trotting, or gal- | 
loping. As fast as the animal advanced, the shutters of | 
the lenses opened and permitted the taking of a nega- | 
tive of the animal. hese views differed from each 
other, because they were taken in succession. They 
showed, therefore, the animal in the various attitudes | 
which he had assumed at different instants during his 
passage across the field covered by the instruments. 
Fig. 2 is borrowed from Mr. Muybridge. It shows 
a horse galloping, in different phases of placing and 
raising his feet. Lines drawn upon the screen, and 


spring, so arranged as to expose the objective for an ex- 
tremely short time, estimated by the author as one-fifth 
of asecond. To insure the successive opening of these 
shutters as the animal advances, threads may be ob- 
served stretched across the road. The animal breaking 
these threads one after the other opens an electric cir- 
cuit, and causes the successive springing of the differ- 
ent shatters. 

Mr. Muaybridge varied his experiments most skillfully. 
He studied the gaits of different animals and those of 
man, jumping, vaulting, and handling of various uten- 
sils. Finally, he collected in a voluminous album an in- 
teresting series of attitudes of men and of animals in 
motion. The whole collection of these studies possesses 


great interest for artists. 
Since this time the progress of photographic chemis- 
try has wonderfully increased the sensibility of the 
present day more than mere silhou- 
or men can be i In 


plates, and at the 


ettes of moving obi 


Fria. 5.—Chrono-photographie trajectory of a brilliant 
ball thrown across the black screen. 


good light, full images, with all desired relief, can be ob- 
tained. If, forexample, a naked man in motion is photo- 
graphed, all the muscles of the body are perfectly 
traced in relief, indicating the part taken by each of 
them in the movement ae. 

The silhouettes obtained by Mr. Muybridge would 
always suffice to illustrate the successive phases of dis- 
placement of the ‘members if they were taken at 
equal intervals of time; but the arrangement adopted 
for bringing about the formation of the successive 
phases causes irregularities in the extent of these 
intervals. The threads yield more or less to the 
stress before breaking, and, moreover, the progress of 
the horse is not at an even rate of speed. Nevertheless, 
Mr. Muybridge endeavored to develop from the series 
of images the trajectory of each leg of the horse ; but 
the curves obtained in these laborious attempts had 
not sufficient precision. A very simple method enables 
us to obtain with perfect fidelity the trajectory of a 


| | 
| 
| 


Fre. 2.—Twelve suecessive photographs, by Mr. Muybridge, of a horse in full gallop. In the last figure the 
he speed of the horse was about 1,142 meters (3,746 feet) per minute. 


horse is shown standing still. 


tained from large birds the curves of wing movements | 
during flight, and caught the rhythmic beat of each foot | 


cessive images. 


Fie. 6.—Loops and nodes formed by successive posi- 
tions of along flexible rod to which are imparted 
vibratory motions. 


body in movement. It is the photographing of this 
body in front of a black surface. 

If a photographic apparatus is directed against a 
black sereen, the objective can be uncovered without 


numbered, show how far the animal moved between suc- 
Fig. 3 shows in detail the installa- 


of a horse in different gaits. Again, one of my students, | tion of Mr. Muybridge’s apparatus. To the left is the 


now himself a master, Professor Carlet of Grenoble, 
has inscribed with great precision certain move-! 
ments of the body and limbs of a man walking. But | 
for the complete study of the movement of man and 


Fie. 3.—Arrangements adopted by Mr. Muybridge in his experiments on the 
is the reflecting screen against which the animal ap 
photographic apparatus of which each one took am image of the 


one provided with a shutter actuated by a powerful 


inclined sereen, which throws into the cameras a daz- 
zling white light, bringing out en silhouette the bods of | 
the animal. On the right is the range of cameras, each 


ts of a horse. On the left 
nm the right is the series of 


en silhouette. 
animal. 


| Fie. 7.—Chrono-photographic ap 


effect on the sensitized plate, as it will receive no light. 
But if across the plane of and parallel with this screen 
a white ball, strongly illuminated by the sun, is thrown, 
the image of this ball will be reproduced upon the 
eo which, on developing, will show the trace of the 

all in its trajectory, just as with those lines of fire 
of which our eye receives a momentary impression 
when a lighted piece of charcoal is waved through the 
air at night. i 

But the movement of a body in space is not always 
confined to a plane like that of a projectile. The oe 
can be displaced in all three dimensions of sp _ To 
show the inflections of a trajectory in all directions, 
recourse must be had to stereoscopy. The images shown 


TLV Id FHL 


ratus producing 
upon one plate a series of photographs at equal 
intervals of time. The apparatus is opened and 
shows the position of the with its openings 
moving in front of the plate. 
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in Fig. 4 are thus obtained. Taken at different angles, 
they produce when seen in the stereoscope the appear- 
ance of relief. These trajectories show the movement 
of the head of a walking man. The displacement is in 
all three directions, because, in addition to his lateral 


Fie. 8.—Walking man, clothed in white, passing across 
the field. 


and vertical moments, the man is continually progress- 
ing. 

Photography against a black background is invalu- | 
able for determining the points in space passed over by 
a body in movement. No other method can express the 
line followed by a luminous point in darkness. Quite 
recently, M. L. Soret, of Geneva, has used this method 
in analyzing very complicated movements. Working 


Fira. 9.—Successive attitudes of a runner. 
one-fifth of a second ; the time of 


tus. This interruption may be produced bya rotating 
opaque disk, pierced with small apertures, which only 
— light to reach the sensitive plate intermit- 
tently. 

Fig. 5is the parabolic trajectory of a brilliant ball 
thrown across the face of the dark screen, but the tra- 
jectory is discontinuous, as the exposures were only pro- 
duced each fiftieth of a second, on account of the num- 
ber of openings and speed of rotation of the disk. 

In most experiments, a rule two meters (78;4 inches) 
high, situated in front of the screen, produces its own 
image upon the plate, and serves as a scale, so that the 
paths of the projectile during each fiftieth of a second 
ean be estimated in actual value, at different places of 
its course. Thus it can be seen that the speed of the 

»rojectile diminishes in the ascending limb of its para- 
slic trajectory, and increases in the descending one. 
This method, which I have designated chrono-photo- 
raphy, shows the complete law of the movement of a 
body in space. 

I? the inemorable work of Galileo and of Atwood had 
not revealed the law of the motion of bodies falling 
under the influence of gravity, it would suffice to 
throw astone up in the air and take its trajectory by 
chrono-photography to discover this law ; just as in 
Fig. 5 would be obtained the uniformly varied move- 
ment of this stone, along with the actual value of the 
accelerations shown in equal succeeding periods. 

We may wish to know how a long wooden rod acts 
when shaken by one hand and held firmly by the other. 
Fig. 6 shows the loops and nodes of the vibrations on 
different parts of the rod. If the position of the hands 
is changed and brought nearer the end of the rod, the 
form of the vibrations instantly changes. 

Thus it is evident that alimitless number of varieties 
of movement can be analyzed by chrono-photo- 
graphy. 

All the figures studied by geometricians, and which 
they imagine as generated by the rotation of curves, 
the translation of lines, and the intersection of planes, 
all these figures, 1 repeat, can be actually produced in 
chromo-photography, by successive images of these 
curves, lines, and planes that are displaced. 

The sharpness of the images depends on the shortness 
of the time of exposure corresponding to each position. 
It is, in facet, necessary that the body in motion shall 
not have time to be sensibly displaced while its photo- 
graph is taken. The time of exposure therefore which 


I have selected is the one-thousandth ofa second. I) 


sometimes. use less, for, as regards certain very rapid 
movements of the wings of birds, this peri is too 
long. In recent experiments I have got good results 
with exposures of one two-tbousandth of a second. 
Doubts have been expressed as to the realit 
short times of exposure, and with ordinary shutters it 
would be quite difficult to attain this quickness; but 
the perforated disk that is usedin chrono-photography 


The interval between two oars images is 


exposure, one two-thousand 


Fie. 10.—Jumper leaping over an obstacle. 


in darkness, he photographed the trajectories of an in- 
candescent lamp under various movements. 

Stereoscopic or plane, these figures furnish only an 
incomplete idea of motion. They only give the idea of 
place, and not that of time, which is indispensable, as 
movement is only the relation of space to time. To 
fully comprehend the movement of a thrown stone, it 
is necessary to know what points of its parabolic tra- 
jectory were occupied«by this stone at successive 

riods, equally distritated, as, for example, at the 
intervals of fiftieths of assecond. 

To obtain this noting of time it is enough to shut off 
at equal intervals light from the photographic appara- 


gradually uires a speed of rotation that may be 
very great. ig. 7 shows the arrangement of this disk, 
to which a rotary movement is imparted by powerful 
gearing, controlled by a regulator. As soon as the disk 
attains a speed of ten turns a second, the regulator 
maintains this — with perfect uniformity, with 
chrono-photography in addition as acontrol. The disk 
moves in front of the sensitive plate a few millimeters 
(1 mm. = 0°039 in.) distant from it only. Then, know- 
ing the angular value of each of the openings, the 
period of exposure is rigorously deduced therefrom. 


of these 


The condition most difficult of fulfillment is the ab- 
solute darkness of the screen before which we operate. 
Little light as this screen may reflect upon the sensi- 
tive plate during a single exposure, these small quanti- 
ties of light, accumulating their effect over the whole 
surface of the plate, end by fogging it completely. A 
wall — with any black pigment, velvet even, ex- 
I to the sun, reflects too much light for a plate to 
withstand, that is of sufficient sensibility to receive at 
different points a long series of successive images. Thus 
the term black screen is used metaphorically. The 
work is done before a dark cavity. 

In his remarkable studies of colors, the illustrious 


Fie. 12.—Man clothed in black velvet, on which the 
axes of the limbs are traced by white cords; the 
joints carry white buttons placed at the point of 
rotation. The head is covered by a helmet of black 
velvet, which completely hides it and to which is 
affixed a bright ball at the level of the ear. 


Chevreul showed that, to obtain absolute black, it was 
/ necessary to pierce a hole in the side of a box black- 
ened interiorly. Placed by the side of this dark open- 
ing, a piece of fabric, or any waterial substance, black 
as it might be, appeared only of a dark gray. It, there- 
fore, reflected soiue white light. 

To obtain favorable conditions, a great chamber, of 
ten meters (33 feet nearly) depth, and of equal breadth, 
was constructed. One face of this chamber is open, 
and restricted by movable frames to the exact height 
necessary. The interior of the chamber is completel 
blackened, the ground is coated with pitch, the nek 
is hung with black velvet. In front of this long band 
of darkness passes a railroad, carrying the photo- 


Fie. 13.—Chrono-photographie images of a runner. 
Below the figure is a scale whose divisions are 0°50 
meter (19/7, inches) long, and serve to give the 
extent of the movements. 


‘graphic apparatus, which is brought nearer to or fur- 
ither from the sereen, according to the size of the 
images desired. 

Against the dark field just described, a man, placed 
in full light, naked or clothed in white, gives a sharp 
image on the sensitive plate (Fig. 8). 

Fig. 9 shows a runner in four succeeding attitudes. 
The shutter disk employed had only a single opening, 
and as it made five turns per second, the interval 
separating two consecutive images corresponds to the 
distance passed over in one-fifth of a second ; the time 
of exposure for each image being always one two- 
| thousandth of a second. Just as in the case of the 
| brilliant ball, we can follow the movement of the run- 
| ner and estimate his speed by the space passed over be- 
| tween two successive exposures; it may be two meters 
| (6 feet 6 inches) or ten meters (33 feet nearly) per second. 

If the rate of running was slower, the number of 
images would increase, for the space | over in 
one-fifth of a second would be shorter, and the images, 
consequently, would be closer to each other. 


| 
DV 
} 
/ | | 
11.—Slow walk; the images by superimpositon 
tend to confusion. Fie. 14.—Oscillations of the leg of a walking man. am 
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In the jump, Fig. 10, curious attitudes are seen, as- | to traces of lines, which, by their length and direction, 


sumed by the body at different instants. The first ef- 
fort, the impulse given by a single leg, the movement of 


flexure that raises the feet as the object is passed over | 


finally, the descent, accelerated according to the laws 
of falling bodies, the easing of thesbock by the gradual 


express perfectly the successive attitudes of his body 
and his limbs. 

Instead of white clothing, we clothe the runner in 
black velvet; he becomes nearly invisible before the 
black area. But, if we attach to this costume white 


Fie. 15.—Diagram showing the successive positions of the limbs and inclinations of the 
body in the transition from running to walking. 


bending of the legs, and, finally, the return to an up- 
right position. Even in this figure the images become 
superimposed at the moment when the motion of the 
body is reduced, as at the end of the descent. This 
confusion is still more perceptible in a slow walk (Fig. 
11), where the images of the legs are hard to disen- 
tangle. And yet the number of the images is only five 
per second—insuflicient to give a complete idea of the 
series of movements executed. 


Fi@. 16.—Sueccessive positions of the limbs in an elastic 
* jump upon the ball of the foot. 


Have we, then, reached the limits of chrono-photo- 
graphy? A very simple artifice relieves us from the 
difficulty. 

In the experiments first described, a ball of the size 
of a billiard ball gave, without confusion, as many as 
fifty images in a second; a rod as thick as the finger 
showed perfectly its vibratory movements. It was be- 
cause the images had a surface of small extent, and the 


Fa. 17.--Inelastic jump upon the heels, 


least motion of translation separated them from each 
other. If we reduce, or, rather, suppress, the surface 
of the man experimented with, we can multiply indefi- 
nitely the number of his successive attitudes. 

We shall now see how the image of a man is reduced 


cords, following the direction of the axes of his limbs, 
and white buttons on the principal articulations (Fig. 


of simultaneous telegraphy and telephony over the 
wire. 

In the new sextuplex telegraph system of Mr. 
Stephen D. Field, while some methods are employed 
analogous in some cases to those used in the systems 
above mentioned, the system as a whole is decidedly 
novel and interesting, and, judged from the results of 
its practical operation which we recently had occasion 
to witness, is destined to an early application. 

Mr. Field has started out with the well-known fact 


Fie. 2.—THE NEUTRAL RELAY. 


that currents of different ‘ quality,” if the expression 
may be allowed, if sent simultaneously over the same 


12), the white parts are reproduced, and we obtain on 
the sensitive plate an almost unlimited number of | 
positions. Using a disk pierced with five holes, which | 


wire, do not interfere with each other, and can be 
caused to operate corresponding receiving instruments 
at the other end of the line. Thus in the new system 


gives twenty-five images per second, the result shown | three different qualities of current are employed, viz., 
in Fig. 18 was obtained by this method forthe action | a direct current of increasing and decreasing strength, 
of running, which shows in full detail the movements | operating a neutral relay ; a reverse current, operating 
of the left half of the body—head, arm, and leg. We)|a polarized relay; and a rapid vibratory current, 
must observe that every fifth image is a little stronger | which sets a telephonic diaphragm in rapid vibration. 


than the others. This is effected by making one of the | 
apertures in the disk larger than the others. The | 
time of exposure is thus increased, and the intensity of | 
the image is greater. The object of this disposition | 
is to furnish base marks, by means of which it is} 
always easy to recognize traces corresponding to the | 
same image, that is to say, toa given attitude of the 
runner. 

This figure, we have said, only shows the movements 
of the left half of the body. But in a symmetrical gait, 
the two halves of the body repeat, alternately, the 
same acts. So that two transparent representations, 
such as those above, will give the complete expression 
of all the runner’s movements, provided that, in super- 
imposing them, one picture is moved along over the 
other, so as to cause the due alternation of the points of 
rest of the left and right feet. 

Thus partial chrono-photographs give the complete 
expression of the law of movement of each part of the 
body. As in the trajectory of projectiles, here we can 
see for each point taken by itself the curve it de- 
scribed, and its accelerations and retardations at dif- 
ferent phases of the gait. By projecting on a screen 
the magnified photographic images, so as to give to 
the runner his true dimensions, the absolute value of 
the space passed over in known times, and, in conse- 
quence, the velocities, accelerations, and retardations 
of these points, are obtained. 

In the detailed studies, a part of the images is 
screened, as is done in Fig. 14, for the purpose of 
analyzing the oscillations of the leg in walking, or, as 
in Fig. 15, with rule or dividers, there are traced con- 
struction lines to give better expression to the inclina- 
tion of the limb or trunk referred to the vertical. 

These diagrams are very well adapted for the com- 
parison of two sorts of movements whose difference 
cannot be diseerned by the eye. Thus, in jumping 
from an elevation, the shock of the feet against the 
ground is reduced in intensity by bending the legs 
while the extensor muscles operate to sustain the 
weight of the falling body. 

Figs. 16 and 17 show two sorts of jump. The first 
with flexure of the legs and reduction of the shock, 
the second with the legs almost straight, which im- 
plies a severe shock of the feet against the ground. 

be continued.) 


THE NEW SEXTUPLEX TELEGRAPH. 


THE wultiplexing of telegraph lines has been effected 
in several ways, says the Hilectrical World, among 
them being the methods of compensation and neutral- 
ization, as in the duplex and quadruplex ; the method 
of synchronism, as in the Delany and Callahan system; 
and also the method of harmonic telegraphy, such as 
that devised by Gray. We might also mention the 
increase of the capacity in lines effected by the methods 


These three currents acting upon corresponding re- 
ceiving instruments, do not interfere with each other, 
as will be shown below ; and as each one type of work- 
ing is duplexed by the well-known compensating 
method, the line is evidently capable of transmitting 
three messages in either direction, or six simulta- 
neously. 

The arrangement of circuits and apparatus by which 
these results are effected is shown in the accompanying 
diagram, Fig. 1. We may remark at the outset that 
not a single cell of battery is employed for any pur- 


Fie. 3.—THE VIBRATORY RECEIVER. 


ee both the main line and locals deriving current 
rom a dynamo. The latter is shown at F, and the 
armature, as will be seen, is provided with two inde- 
pendent sets of windings, which deliver current re- 
spectively to the commutators, E and D. The local 
eurrents are taken off the commutator, E, the circuit 
connecting with the three local transmitters,1, 2, and 3, 
which are manipulated in the ordinary way by the 
keys, K', K*, K*. The main current is taken from the 
armature from the commutator, D, this current serving 
to actuate the neutral and polarized relays which are 
shown diagrammatically at 2’ and 1' respectively. It 
will be noticed that the dynamo, F, is shunt wound. 
Its armature is of 150 ohms resistance, and it has an 
E. M. F. of 300 volts at 500 revolutions. The shunt 
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coil is divided so as to give a long find a short shunt at 
the points, G, H, depending upon whether the trans- 
mitter, 2, be cl or open. The resistance of the 
short shunt is 540 ohms, and that of the long shunt is 
6.000 ohms. Hence it follows that by pressing K*, the 
armature of transmitter 2 is attracted to the front 
stop, and short-cireuits the long shunt of the dynamo. 
This, of course, causes an increase of current in the 
short shunt, the strength of the field magnets remain- 
ing constant ; and hence there ensues a decreased effect 
in the line current, and it is upon this increase and 
decrease of the direct current that the neutral relay, 2’, 
operates. We will not for the present enter into a 
description of this relay. é 

Transmitter 1 operates a pole changer, by which re- 
verse or alternate currents are sent over the line, which 
actuate the polarized relay shown diagrammatically at 
1. The pole changer is so adjusted as to be continuity- 

preserving as regards the line, but with a very slight 
reak toward the dynamo. 

It is evident that the continuous current designed to 
operate the neutral relay has no effect upon the polar- 
ized relay ; but the reverse currents designed for the 
latter would affect the neutral relay if some provision 
were not made to prevent this disturbance. This has 
been recognized by Mr. Field, and he overcomes the 
difficulty in a very simple manner. 

The neutral relay, 2, is shown in part perspective in 
Fig. 2. To understand its operation, we will premise 
that when ordinary reverse currents are sent through 
a neutral relay, the armature is kept in a state of vibra- 
tion, breaking contact momentarily at each reversal, 
but being immediately reattracted. With the ar- 
rangement of the neutral relay shown in Fig. 2, the 
reverse current has no effect on the armature. This 
result is obtained by taking advantage of the induced 
currents generated by the reversals. As will be seen, 
the core of the relay is lengthened, and has a bobbin, 
B, surrounding it. The latter is connected to another 
small bobbin, C, surrounding a core, H, which is placed 
opposite a small cylinder of iron, K, acting as an arma- 
ture and attached to the lever of the relay. The re- 
versal of current in the relay bobbin causes a change of 
polarity in the core, and the tendency is to momentarily 
throw off the armature; but at the same instant of 
the reversal of polarity an induced current is set up in 
the bobbin, B, which is in opposite direction to the 
primary, and which, in circulating through C, tends 
always to magnetize the core, H, oppositely to that of 
the main core, and hence with a corresponding influ- 
ence upon the small armature, K. The result of this is 
evidently that with two opposite influences acting 
upon the lever, it will remain stationary and insensible 
to the effects of the reverse currents. 

We come now to the third and last method employed 
in transmission, which consists in sending a rapidly 
vibrating current over the line, which is made to set a 
telephonic diaphragm in vibration. 

The souree of the vibratory current is the small 
dynamo, shown at A. From the arrangement of cir- 
cuit, 8, it will be seen that the commutator, B, cuts the 
line coils of the vibratory magneto, that is, the outer 
ring of magnets, out of circuit, except at the in- 
stant of passage of the poles, and thus reduces the re- 
sistance of the circuit from 160 to 5 ohms, which 
changes evidently occur in continuous rapid  suc- 
cession, sending a vibratory current over the line. 
These currents charge the condenser, C*, at the 
distant station, which tends to increase heir abrupt- 
ness, and thence pass into the vibratory receiver or 
relay, 3'. The latter is shown in detailin Fig."3. It 
consists of a horseshoe magnet, M, upon which are 
mounted the coils, F, through which the vibratory 
current from the line is made to pass. Opposite the 

les of the magnet is placed the diaphragm, D, which 
1as a platinum pin, C, mounted on its center. Resting 
upon this pin is another, B, which is attached to the end 
of a lever which, together with the diaphragm, D, is in 
circuit with a sounder, 8. A local battery is here shown 
in cireuit merely for the sake of clearness, the current 
being in reality taken from the local leads of the 
dynamo. 

Now, when the key, K°, is open, the armature of the 
transmitter, 3. is on its back stop, and closes a circuit 
including a 40 ohnis resistance, so that the current from 
the vibratory generator is short-circuited and does not 
go out over the line. When the key, K*, is depressed, 
however, the armature of 3 is attracted, breaks the 
short cireuit, and the vibratory currents then pass out 
to the line. Arriving at the receiver, shown in Fig. 3, 
they set the diaphragm, D, in rapid vibration, so 
that the pins, B and C, are given a rapid make and 
break motion. In fact, so rapid is the motion, and so 
short a time are the pins in contact, that the local cir- 
cuit is practically open and the sounder has not time to 
act, being purposely made sluggish in its movements. 
The local circuit remains open, then, as long as the key, 
K*, is depressed. The dots and dashes of the key are 
therefore received on the vibratory receiver as a series 
of ‘* buzzes,” which are transformed in the manner de- 
scribed into dots and dashes on the local sounder, 8. 

Both the relays as well as the vibratory receiver are 
wound differentially, as in the ordinary duplex service. 
The action is very smooth, and ordinary changes of 
condition of the line do not affect the working. The 
static capacity of the line at the time of our examina- 
tion of the apparatus, when increased from that of a 
few miles to that of a line over 400 miles in length, re- 
quired only a slight readjustment of the vibratory 
receiver. 


GRAY’S STANDARD GALVANOMETER. 


THE idea of using an infinitely long solenoid for the 
production of a uniform magnetic field has already been 
often suggested, either for the purpose of constructing 
a standard galvanometer or for various experiments in 
absolute measurement. 

Mr. T. Gray has recently constructed a standard gal- 
vanometer, in which he uses a very long bobbin for the 
produetion of a constant magnetic field, and which in 
form is like a sine galvanometer. As well known,the 
great difficulty with the tangent galvanometer is the 
accurate determination of the mean diameter. In the 
Helmholtz combination, there is also the distance of the 
mnean planes to be measured. 

In the arrangement employed by Mr. Gray, the 
radius figures merely as a corrective term, and less of 
an approximation suffices. 

In a bobbin whose length is considerable with respect 


is, in the axis, 
F=424n 


1 


r+. 
where n is the number of revolutions of the wire per 


unit of length, and 7 the half-length of the bobbin. 
We may put this expression in the form of 


( 


For a relation — = 10, for example, it suffices to em- 


1—— + 
22 


r 
ploy the second term of the series, which gives a cor- 
rection of 1-200. What it is necessary to know accurate- 
ly is nm. We know the total number of revolutions, 
2n7, and can measure / to 1-10 of a millimeter. With a 
one meter bobbin wecan therefore calculate n to with- 
in nearly 1-10000. But it is necessary that the winding 
of the bobbin shall be perfectly uniform, and this may 
be effected by means of a lathe. 

With this apparatus, we shall havea greater resist- 
ance for the same sensitiveness; but this is not of 
much consequence in a standard instrument. This 
bobbin might be used as a tangent or sine galvano- 
vera and Mr. Gray prefers to give it the form of the 
atter. 

The accompanying figure shows the instrument as he 
constructs it. The tube, T, which carries the wire (a 


GRAY’S STANDARD GALVANOMETER. 


single layer) is mounted upon a platform, P, provided 


with ieveling screws, and capable of revolving around | 
a vertical axis, V, the rotations being read upon the | 


scale, S. The tube, ¢, is capable of sliding in the 


the center of T, there is a ogee mirror, m, and a small 
magnet, A, suspended in the axis. At s, at the extrem- 
ity of T, there is a small scale which is illuminated by 


ja ray of light passing through the aperture, h, and re- 


|flected by a prism or an inclined mirror. Above s 
| there is a plane mirror, m. The image of s is reflected 
first by the mirror, m, and next by M. The readings 
are made with the telescope, ¢, placed at the other ex- 
tremity of the tube, T. 

One of the extremities of the bobbin wire is fixed at p, 
and the other, p’, is connected, through the wire, 7 
(parallel with the axis), witha pin, p*, near p'. The 
conductors, which are twisted together, end in termi- 
nals placed upon the base, P. 

The instrument operates as follows : 

The bobbin is so arranged that the central mark of 
s shall coincide with the reticule of the telescope, and 
the position of the index on the seale, 8, is then noted. 
The current now being allowed to . we note the 
rotation necessary to bring back the center of s on 
the reticule. Then we reverse the current and displace 
the seale, 8, so that the rotations shall be equal on 
both sides. When this has been brought about, we 
have the relation A 


I=Hsin Sx 


7 
an) 


It will be possible to read the rotation 3 very ac- 
|curately by means of microscopes and verniers.—La 
Lumiere Electrique. 


THE COLORS OF METALS AND ALLOYS.* 
By Prof. W. CHANDLER ROBERTS-AUSTEN. 


Tuis lecture is published by request, but the author 
fears that, dealing as it does with the colors of metals, 
| such interest as it may have possessed when delivered 
| will be greatly diminished in the absence of the experi- 
| ments and diagrams by which it was illustrated. 


| I begin with no ordinary pleasure the work which 


has been intrusted to me by the Council of the British 
Association. It is nearly twenty years since this 
series of lectures wasestablished. The first, on ‘‘Matter 
and Force,” was delivered at Dundee, by a brilliant 
experimenter and one of the most eloquent living ex- 

nents of science. It was followed, at Norwich, by a 
ecture by Prof. Huxley, to whom the nation owes a 
deep debt of gratitude for his intense sympathy with all 
| who are seeking to widen the bounds of scientific know- 
ledge—to be whose colleague in one of the most impor- 
tant scientific schools of the country is my great good 
fortune. These lecturers were succeeded by other emi- 


woode, Bramwell, and Lubbock. The object of the 
lectures is to diffuse a knowledge of the operations of 
nature, and to add to the number of those who rejoi 
in her works. Many, therefore, who have spoken to 
|audiences similar to this, have appealed to natural 
phenomena ; and instead of talking to you about the 
| color of metals, I also should have liked to dwell on the 
color of the sea and sky, but Ruskin’s work# are, 

know, often in your hands, and he has told you once 
|for all of the color of clouds that ‘‘ there is not a mo- 
| ment of any day of our lives when nature‘is not produc- 
ing scene after scene, picture after picture, glory after 
glory, and working still upon such exquisite and con- 
| stant principles of the most perfect beauty that it is 
quite certain it is all done for us, and intended for our 


* A lecture delivered on Sept. 3, 1886, by Prof. W. Chandler Roberts- 
Austen, F.R.S., to the Operative Classes in the Town Hall of Birming- 
ham, in tion with the ting of the British Association.—Nature. 


to the diameter, the field produced per unit of current | perpetual pleasure.” * 


interior of T. At its extremity, which corresponds to} 


nent men, among whom may be mentioned Spottis-| 


€e| currency survives in the familiar phrase, 


The metallurgist, however, 
cannot speak with authority on themes such as these ; 
and I have, therefore, selected a subject which will, I 
believe, enable me to bring before you important truths 
affecting a wide range of industrial operations, and at 
the same time to sustain the true function of art by 
pointing to the direction in which we may have in- 
creased pleasure in things that constitute our most or- 
dinary possessions, and which we use in daily life. 

First permit me to explain that I intend to include 
under the title of the lecture any facts which are, in 
my opinion, connected with the colors of metals and 
alloys, whether natural to them or produced by arti- 
fice, as well as a brief examination of the influence 
which the colors of metals appear to have exerted on 
the history of science. 

I propose to begin at what. will appear to be a some- 
what remote starting point. We say that copper is 
red, gold yellow, and silver white, but it is by no means 
certain that the early races of the world had any very 
clear perception of the difference between these several 
metallic colors. With regard to early Hebrew and 
Greek civilization, Mr. Gladstone has expressed his belief 
that the color sense—that is the power of recognizing 
color and distinguishing it from mere brightness or 
darkness—was imperfectly developed, and he considers 
that ‘‘ the starting point is absolute blindness to color 
in the primitive man,” and he urges that the sense of 
color has been graduaily developed, *‘ until it has now 
become a familiar and unquestioned part of our inheri- 
tance.” Headds: “ Perhaps one of the most signifi- 
cent relics of the older state of things is to be found in 
the preference (known to the manufacturing world) of 
the uncivilized nations for strong and, what is called 
in the — poetry of trading phrases, loud 
color.” 

Dr. Magnus holds the view that the color sense in 
man has undergone a great improvement within the 
last 2,000 years, and Prof. Haeckel supports. this specu- 
lation, but it is opposed by Romanes, who has favored 
me with some observations on the subject, in view of 
this lecture ; and it seems to me strange, if savage na- 
tions are really deficient in the sense of color, that the 
use of such colors as they can get in metals and fabrics, 
blended, for instance, in a war club or a pipe stem, 
should be so thoroughly ‘“‘understood” and so dis- 
criminatingly employed as we sometimes find them to 
be. It may further be observed that primitive man 
may even have derived from his more remote ancestry 
some power of being influenced by color, and we are 
told that the attraction which gorgeous coloring in 
flowers has for birds and insects, and which color gen- 
erally possesses for our nearer ancestors, has been of 
| great importance in the origin of species and in the 
maintenance of organic life. 

No doubt, in ancient times, there was much confu- 
sion between mere brightness and color, such as is evi- 
dent in the beautiful sentence in which St. Augustine 
says: ‘‘ For this queen of colors, the light, bathing al 
which we behold, wherever I am through the day, 
gliding by me in varied forms, soothes ne when engag- 
ed on other things and not observing her.” If, how- 
ever, it were proved that the power of distinguishing 
the color of metals was not widely diffused among the 
Egyptians, Hebrews, and Greeks, it is at least certain 
that there were individuals of these nations to whom, 
in very early times, the color of metals was all-im- 
portant; and although they may have confused 
different precious stones under generic names, they 
certainly appreciated their various colors, and knew, 
moreover, that by fusing sand with the addition of a 
small quantity of certain minerals, they could produce 
artificial gems of varied tints. 

My object in leading you so far back—in discussing 
what appears to be a very matter-of-fact subject—is to 
point to the close connection between the early recogni- 
tion and appreciation of color in metals or minerals 
and the foundation of the science of chemistry. 

In early scientific history the seven metals known to 
the ancients were supposed to be specially connected 
with the seven principal planets whose names they 
originally bore, and whose colors were reflected in the 
metals. Thus gold resembled the sun, silver the moon, 
while copper borrowed its red tint from the ruddy 
planet Mars. The belief in the intimate relation be- 
tween colors and metals, the occult nature of which 
they shared, was very persistent, and we find a seven- 
teenth century writer, Sir John Pettus, saying§ that 
‘‘ painters” derive * their best and most proper colors 
from metals whereof seven are accounted the chief, 
produced from the seven chief metals, which are influ- 
enced by the seven planets.” 

Asurvival of this feeling is suggested by a modern writ- 
er, Leslie, who supposed that ‘‘when Newton attempted 
to reckon up the rays of light decomposed by the prisin, 
and ventured to assign to them the famous number 
seven, he was apparently influenced by some lurking 
disposition toward mysticism.” | 

It would be impossible for me to overrate the import- 
ance of the color of metals in relation to scientific 
history, for the attempt to produce a metal with the 
color and properties of gold involved the most intense 
devotion to arduous research, sustained by feverish 
hope, attended by self-deception and eiaborate fraud, 
such as hardly any other object of human desire has 
developed. It led to despair, to madness, and to death. 
But finally, through all, alchemy prepared the way for 
the birth of chemistry, and for the true advancement 
of science. 

In early times, as now, gold was an extremely desir- 
able form of portable property, and its color was, per- 
haps, held to be the most distinctive and remarkable 
fact about it. I may incidentally observe that the 
dominant idea of color in connection with the metallic 
“T should 
like to see the color of his money,” which curiously ex- 
presses a desire, tempered by doubt as to its fulfillment. 
On looking back, we find that, at least from the third 
to the seventeenth century, the color of gold haunted 
the early experimenters, and induced them to make the 
strangest sacrifices, even of life itself, in the attempt to 
imitate, and even actually to produce, the precious 


* * Modern Painters,”’ vol. i,, part 2, p. 201, 1851. 
+ Nineteenth Century, p. 367, 1877. 
+ Confessions of St. Augustine.’ Edition edited by E. B. Pusey, 
(p. 211). 
Minor,” 1686, Appendix, “Essay on 
olor, 
FP ee ee on Various Subjects of Natural and Chemical Philoso- 
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metal. Let us see what kind of facts were known 
within the period I have indicated. In barbaric times, 
hammered pieces of gold, or gold beaten into thin sheets 
and plates, were used with colored stones and coral for 
personal adornment, The next step was to make gold 
go further by gilding base metals with it, and, in order 
to do this, the color was for the moment sacrificed by 
combining the gold with quicksilver. This was done 
at least in the time of Vitruvius, B.C, 80, heat being 
used to drive away, as vapor, the quicksilver which 
had been united to the gold, leaving a thin film of 


precious metal on the surface to be gilded. But this| 


was possibly not the first method of gilding, for we now 
know, from a papyrus of about the third century * of 
our era, that lead was used for this purpose. Gold, 
when fused with lead, entirely loses its golden color, 
and yet, by the application of heat in air, the lead may 
be made to flow away as a fusible oxide, leaving the 

recious metal on the metallic object to be gilt, the 
ae metal being as it were transmuted, superficially at 
least, into gold. The point | want to insist upon is 
that the metallie color of the gold vanished during the 
process as carried on by the craftsman, only to re- 
appear at the end of the operation ; and | am satisfied 
that it was from such simple technical work as this 
that the early chemists were led to think that the actual 
roduction of gold—the transformation of base metals 
nto gold—was possible. The more observant of 
them, from Geber, the great Arabian chemist of the 


seventh century, to our own countryman, Roger | 


Bacon, in the thirteenth, saw how minute a quantity 
of certain substances would destroy the red color of 
copper or the yellow color of gold. A trace of arsenic 
will cause the red color of copper to disappear ; there- 
fore, the alcheruists very generally argued, some small 
quantity of the right agent, if only they could find it, 
will turn a base metal to the color of gold. Look, they 
said, how small a quantity of quicksilver will change 
the appearance of metallic tin. Herefis a bar of tintwo 
feet long and one inch thick, which it would be most 
difficult to break, though it will readily bend double. 
If only I rub alittle quicksilver on its surface a remark- 
able effect will be produced, the fluid metal will pene- 
trate the solid one,+ and in a few seconds the bar will, 
as you see, break readily, the fractured surface being 
white, like silver. It was by such facts as this that 
men were led to believe that the white metal, silver, 
could be made. 

Successive workers at different periods held divergent 
views as to the efficacy of the transmuting agent. 
Roger Bacon, in the thirteenth century, held that one 
part of the precious substance would suffice to turn a 
million parts of base metal into gold. Basil Valentine, 
in the fourteenth century, would have been content 
with the transmutation of seventy parts of base metal 
by one part of the agent. While, coming to the end 
of the eighteenth century, Dr. J. Price, F.R.S., of 
Guildford, only claimed that the substance he possessed 
would transmute from thirty to sixty parts of base 
metal.t 


It is a curious fact that no one seems to have actually | 


repared the transmuting agent for himself, but to 

ave received it ina mysterious way from ‘a stranger;” 
but I must not dwell on this. I will merely point out 
how persistent was the view as to the singular efficacy 
of the transmuting agent, and I will content myself 
with a reference to Robert Boyle, our great country- 
man, an accurate chemist of the seventeenth century, 
who did more than any one else to refute the errors of 
alchemy. He nevertheless characteristically records § 
the following experiment, in which, instead of en- 
nobling a base metal, he apparently degraded gold to 
a base one. He first purified a small quantity of gold, 
about ‘*‘two drachms,” with great care, and, he states, 
‘I put to it a small quantity of powder communicated 
to me by a stranger ’—it is singular that even he 
should have received the transmwuting agent in the 
usual way —*‘ and,” he adds, “ continuing the metal a 
quarter of an hour on the fire, that the powder might 
diffuse itself throughit, . . the metal when cold 
appeared to be a lump of dirty color; . . . ‘twas 
brittle, and, being worked with a hammer, it flew into 
several pieces. From hence,” he adds, ‘‘it appears 
that an operation almost as strange as that called 
‘projection’ (or transmutation) “‘may safely be ad- 
mitted, since this experiment shows that gold, . . . 
the least mutable of metals, may in a short time be 
exceedingly changed by so small a portion of 
matter that the powder transmuted a thousand times 
its weight of gold.” He elsewhere observes of a similar 
experiment, “transmutation is nevertheless real for 
not being gainful, and it is no small matter to remove 
the bounds which nature seems very industriously to 
have set to the alterations of bodies.” | The change in 
the color of the gold was remarkable, but Boyle had 
only produced one of the series of alloys most dreaded 
by every jeweler— brittle gold”—for the way in 
which an alloy of gold and copper is affected by a 
small quantity of impurity presents one of the most 
serious difficulties in working gold. It has been known 
since the seventh century that minute quantities of 
certain metals render gold brittle, and it way be well 
to demonstrate the fact. 

Here are two hundred sovereigns ; I will melt them 
and will add in the form of a tiny shot a minute por- 
tion of lead amounting to only the 2,000th part of the 
mass, first, however, pouring a little of the gold into a 
small ingot, which we can bend and flatten, thus prov- 
ing to you that it is perfectly soft, ductile, and work- 
able. The rest of the mass we will pour into a bar, and 
now that it is sufficiently cold to handle, vou see that I 
am able to break it with my fingers, or at least with a 
light tap of ahammer. The color of the gold is quite 
altered, and has become orange brown, and experiments 
have shown that the tenacity of the metal, that is, the 
resistance of the gold to being pulled asunder, has been 
reduced from 18 tons per square inch to only 5 tons. 


* “Les Origines de |’Alchimie,” par M. Berthelot, 1885, pp. 82, 80. It 
is interesting to compare the account of this method of gilding by lead 
with the expression used by Homer, who says: “As when gold is fused 
around the silver by an experienced man."’—* Odyssey,” vi.. 232-35, 
quoted by Schliemann, “ Ilios,” p. 258, in relation toa gilded knife of 
c-pper which he permitted me to analyze in 1878, 

+ Homberg, Mem. de I Acad. Royale des Sciences, 1718 (vol. published 
1799), p. 306. 

3 “An Account of Some Experiments on Mercury, Silver, and Gold 
made at Guildford, in the Laboratory of James Price, M.D., F.R.S.,"’ 
Oxford, 1782. 

& “The Philosophical Works of the Hon, Robert Boyle” (Shaw's 
second edition), 1738, vol. i., p. 78 


20id., p. 22. 


These essential changes in the property of the metal 
| have been produced by the addition of a minute quan- 
| tity of lead. I have cited these facts mainly to show 
that the changes produced in the color and properties 
of metals by small variations of composition were such 
as to lead the alchemists on in their belief that it was 
possible to change lead or tin into gold, and the hope 
in which they worked enabled them to gather facts out 
of which chemical science was gradually constructed. 
We shall see presently that changes in the color of metals 
and alloys, produced by the addition of sinall quantities 
of foreign matter, are of great importance in the appli- 
| cation of metals to artistic purposes, but we must first 
try to examine more closely some of the prominent facts 
connected with the color of metals, that is, the effect 
metals have on light, soas to produce theeffect of colorin 
our eyes. We are apt to think of gold as being essen- 
tially and distinctively golden yellow; it may, however, 
possess a wide range of colors without in any way los- 
ing the condition of absolute metallic purity,its relations 
to light depending entirely on the nature of its surface, 
and especially on whether the metal is in mass or in a 
more or less fine state of division. Interesting as gold 
is to us in mass (and I may incidentally mention that 
during my official connection with the Mint I have 
been responsible for the quality of 462 tons of it), it is 
perhaps still more interesting to us when beaten so fine 
that a single grain, of the value of 2d., would cover a 
space of 48 square inches, or when itis so finely divided 
that the dimensions of a single particle may closely ap- 
| proximate to those of the ultimate atom. 

This aspect of the question was investigated by Fara- 
day, and the experimental part of the subject remains 
practically to sinee his time. It is well known 
that a leaf of gold when seen by transmitted light is 
either green or blue, according to its thickness. Here 
is such a leaf of green gold, as seen when light is act- 
ually sent through it (Fig. 1), s0 as to project a green 


Fra. 1, 


| disk on thesereen. A portion of the light will be reflected 
from its surface, and this reflected ray may be caught 
|in a mirror and thrown on the sereen so that you have 
shown side by side the green disk of transmitted light 
and the golden one of reflected light from the same leaf 
of gold. 

Gold may readily be converted into a soluble chloride 


solution contains very little gold, not more than 2 grains 
in a gallon, and if certain chemical methods be adopted 
to precipitate the gold, that is, to throw it out of solu- 
tion in a solid, though in a very fine state of division, 
the metal may exhibit a wide range of tint, from ruby 
to black. 

|A few drops of phosphorus dissolved in bisulphide 
of carbon had been added to about a gallon of a very 
dilute solution of chloride of gold contained in a tall 
glass cylinder as shown in the sketch (Fig. 2). The 
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| beam from an electric light, thrown through the vessel. 
revealed in the lower part the presence of finely divided 
metal of the natural golden color, while the more finely 

divided gold in suspension imparted a brilliant ruby col- 
or to the liquid, and a glowing ruby disk was projected 
on a white sereen. | 


| When gold is in the “ruby” state, it is so finely divid- | 
led that each particle probably approximates to the | 


| dimensions of the gold atom. 

| [The solarspectrum was then thrown upon the screen 
and the audience was invited to compare it with a dia- 
gram which, while closely resembling the solar spec- 
| trum, really represented the way in which pure metallic 
gold, prepared by various methods, is capable of be- 
having in relation to light so as to produce the sensa- 
tion of a wide range of colors. | 


It would be easy to show that light is similarly affect- | 


'ed by other metals; but I have selected gold for the 
purpose of illustration because it is easy to maintain it 
in astate of purity, however finely divided it may be. 
We must therefore modify any views we may have 
formed as toa metal having exclusively a special color 
of its own, because it will be evident that a particular 
color is only due to a definite state of arrangement of 


its particles. The intimate relation between the state | 


| of the surface of a metal and its color is well shown by 
| the beautifal buttons devised by Sir John Barton. He 


proved that if very fine lines be drawn close together, | 


| so that about 2,000 would be ruled in the space of an 
inch, a beautiful iridescent effect is produced, the tints 


which produces a beautiful golden solution. If such a} 


being quite independent of the metal itself, due to an 
optical effect of the lines. 

[The image of such a button was then thrown upon 
the sereen. | 

Let us now examine some effects of uniting metals b 
fusing them together into what are called alloys ; ate 
second, the direct influence of a minute quantity of one 
metal in changing the mass of another in which it is 
| hidden, and causing it to behave in a different way in 
|relation to light, and consequently to possess a color 
| different from that which is natural to it; or the added 
jinetal may so change the chemical nature of the me- 
| tallie mass that varied effects of color may be produced 

by the chemical combinations which result from the 
|action of certain ‘“ pickling” solutions. This portion 
| of the subject is so large that I can only hope to set be- 
fore you certain prominent facts. * 
| First, with reference to the color produced by the 
junion of metals. Here is amass of red copper, and 
| here one of gray antimony; the union of the two by 
| fusion produces a beautiful violet alloy when the pro- 
| portions are so arranged that there is 51 per cent. of 
copper and 49 per cent. of antimony in the mixture. 
| This alloy was well known to the early chemists, but 
| unfortunately it is brittle and difficult to work, so that 
| its beautiful color can hardly be utilized in art. The 
| addition of a small quantity of tin to copper hardens it, 
/and converts it, from a physicai and mechanical point 
of view, into a different metal. The addition of zine 
| and a certain amount of lead to tin and copper confers 
| upon the metal copper the property of receiving, when 
exposed to the atmosphere, varying shades of deep 
velvety brown, characteristic of the bronze which has 
from remote antiquity been used for artistic purposes. 
But by far the most interesting copper alloys, from the 
point of view of color, are those produced by its union 
with zine, namely, brass. Their preparation demands 
much care in the selection of the materials, and I might 
have borrowed from the manufacture of brass instance 
after instance of the influence of traces of impurity in 
affecting the properties of the alloy, but it is unnecessary 
to dwell upon this alloy in Birmingham, for in all that 
relates to the mechanical manipulation of the alloys of 
copper with tin and with zinc you are masters. I 
have many inducements in this place to speak about 
this beautiful alloy. Iam proud to be a namesake of 
the craftsman William Austen, who, in 1460, made that 
magnificent monument in brass which covers the re- 
mains and commemorates the greatness of Richard 
Beauchamp, Earl of Warwick, and I am glad to re- 
member that Queen Elizabeth granted the first patent 
for the manufacture of brassin England to William 
Huifrey, Assay Master of the Mint, a predecessor in 
the office it is my privilege to hold. 

I want, however, to direct your attention to-night to 
some alloys of copper with which you are probably less 
familiar than with brass. In this direction Japanese 
art affords a richer source of information than any 
other. Of the very varied series of alloys the Ja- 
panese employ for art metal work, the following may 
be considered to be the most important and typical: 


Shaku-do. 
II. 
94°50 | Copper... ......... 96°97 
Iron and arsenic ... traces 100°01 
99°89 


The first is called ‘shaku-do ;” it coniaias, as you wit 
observe from Analyses I. and II.,+ in addition to about 
95 per cent. of copper, as much as 4 per cent. of gold. 
It has been used for very large works. Colossal statues 
are made of it ; one cast at Nara in theseventh century 
being specially remarkable. The quantity of gold is, 
however, very variable; specimens I have analyzed 
contained only 1°5 per cent. of the precious metal. 


Shibu-ichi. 

111. IV. 
67°31 | Copper............. 51°10 

100715 
99°90 | 


The next alloy to which I would direct your attention 
is called ‘‘shibu-ichi.” There are numerous varieties 
of it, but in both these alloys, shaku-do and shibu-ichi, 
the point of interest is that the precious metals are, as 
it were, sacrified in order to produce definite results ; 
gold and silver, when used pure, being employed very 
sparingly to heighten the general effect. In the case of 
the shaku-do, we shall see presently the gold appears 
to enable the metal to receive a beautiful rich purple 
coat or patina, as it is called, when treated with cer- 
|tain pickling solutions ; while shibu-ichi possesses a 
peculiar silver gray tint of its own, which, under ordi- 
nary atmospheric influences, becomes very beautiful, 
and to which the Japanese artists are very partial. 
These are the principal alloys, but there are several 
varieties of them, as well as combinations of shaku-do 
and shibu-ichi in various proportions, as, for instance, 
in the case of kiu-shibu-ichi, the composition of which 
would correspond to one part of shaku-do rich in gold, 
and two parts of shibu-ichi rich in silver. Interesting 
effects are produced by pouring two alloys of different 
tints together just at the solidifying point of the less 
fusible of the two, so that the alloys unite but do not 
blend, and a mottled surface is the result. These alloys 
are ~iepormanae into almost every good piece of metal 
work. 

Now as to the action of pickling solutions. Many of 
you will be familar with the mysteries of the treatment 
of brass by “dipping” and “‘ dead dipping,” so as to 
produce certain definite surfaces, but the Japanese art 


metal workers are far ahead of their European brothers’ 


in the use of such solutions. 
The South Kensington Museum contains a very valu- 
able series of fifty-seven oblong plates, some plain and 


* A listof books and papers dealing with the colors of metals and 
alloys, and with the prodaction of colored tina, is given by Prof. 
Ledebur in his work,“ Die Metallverarbeitung,” p. 285, 1882, published in 
Bolley’s Technologie.” 

+Analyses Nos. I. and III. are by Mr. Gowland, of the 
| Mint a ree Nos, Il. and IV. by Prof, Kalischer, 
COXY., 
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others richly ornamented, which were specially pre- 

red as samples of the various metals and alloys used 
E the Japanese. The Geological Museum in Jermyn 
Street has a smaller, but very instructive, series of 
twenty-four plates presented by an eminent metallur- 
gist, the late M. Hochstatter-Godfrey. From desecrip- 
tions accompanying the latter, and from information I 
have gathered from certain Japanese artificers now in 
London, it would = that there are three solutions 

nerally in use. vey are made up respectively in 
the following proportions, and are used boiling : 


I. Il. 

Verdigris.... 488 grains. 87 grains. 220 grains. 
Sulphate of 

Niter....- 
Common salt — 146 
Water....... lgallon. — 1 gallon. 
Vinegar..... — 1 gallon. 5 fi. dr. 

That most widely employed is No. I. When boiled 


in No. IIL. solution, pure copper will turn a brownish 
red; and shaku-do, which, you will remember, con- 
tains a little gold, becomes purple; and now you will 
be able to appreciate the effect of small quantities of 
metallic impurity as affecting the color resulting from 
the action of the pickle. Copper containing a small 

uantity of antimony gives a shade very different from 
that resulting from the pickling of pure 2 But 
the copper produced in Japan is the result of smelting 
complex ores, and the methods of purification are not 
so perfectly understood as in the West. The result is 
that the so-called ‘‘antimony” of the Japanese art 
metal workers, which is present in the variety of copper 
ealled “‘ kuromi,” is really a complex mixture contain- 
ing tin, cobalt, and many other metals, so that a metal 
worker has an infinite series of materials at command 
with which to secure any particular shade ; and these 
are used with much judgment, although the scientific 
reasons for the adoption of any particular sample may 
be hidden from him. It is strictly accurate to say that 
each particular shade of color is the result of minute 
quantities of metallic impurity, and these specimens 
and diagrams will, I trust, make this clear, and will 
prove that the Japanese arrange true pictures in col- 
ored metals and alloys. 

[This portion of the subject was illustrated with 
much care by colored diagrains representing specimens 
of Japanese art metal work, by photographs projected 
on the screen, as well as by the reflected images of 
small ornaments made of the alloys which had been 
specially referred to. There was alsoa trophy of leaves 
of copper of varying degrees'of purity, colored brilliant- 
ly by one or other of the ‘‘ pickles” above described. | 

There is one other art material to the production 
of which [ hope art workmen in Birmingham will soon 
direct their attention, as its applications are endless. 
It is called in Japanese ‘“‘mokume,” which signifies 
“wood grain.” It is now very rare even in Japan, but 
formerly the best specimens appear to have been made 
in Nagoya by retainers of the Daimio of Owari. I have 
only seen six examples, and only possess a single speci- 
men of native work, and have thevefese had to prepare 
a few illustrations for you in soldered layers of gold, 
silver, shibu-ichi, shaku-do, and kuromi. 

This diagram (Fig. 3) shows the method of manufac- 


Ng 


Fie. 3. 


ture. Take thin sheets of almost any of the alloys I 
have mentioned, and solder* them together layer upon 
layer, care being taken that the metals which will pre- 
sent diversity of color come together. Then drill coni- 
cal holes of varying depth, A, in the mass, or devices in 
trench-like cuts of V section, B, and hammer the mass 
until the holes disappear. The holes will thus be re- 
laced by banded circles and the trenches by banded 
ines. A Japanese artificer taught me to produce simi- 
lar effects by taking the soldered layers of the alloy, 
and by the aid of blunted tools making depressions on 
the back of the mass so as to produce prominences on 
the front, C. These prominences are filed down until 
the sheet is again flat; the banded alloys will then 
appear on the surface in complicated sections, and a 
very remarkable effect is produced, especially when 
the colors of the alloys are develo by suitable 
“pickles.” In this way any device may be produced. 
In principle the method is the same as that which pro- 
duces the damascening of a sword blade or gun barrel, 
and depends on the fact that under certain conditions 
metals behave like viscous solids, and as truly “flow” 
as pitch or honey does, only in the case of mokume the 
art workman has a wide range of tinted metals at 
command. 

Throughout Japanese art metal work,in which I hope 
you will take increasing interest, there is one principle 
of extreme simplicity and absolute fidelity to nature. 
The brilliant metals, gold and silver, are used most 
sparingly, only for enrichment, and to heighten the 
general effect. These precious metals are never allowed 
to assert themselves unduly, and are only employed 
where their presence will serve some definite end in re- 
lation to the design asa whole. A Japanese proverb 
asserts that ‘‘He who works in gold puts his brains into 
the melting pot,” meaning, I suppose, that this metal, 
So precious from an artistic point of view, demands for 
its successful application the utmost effort of the 
workman, and suggesting that gold should not be em- 
ployed in massive forms such as would result from 
melting and casting, but should be daintily handled, 
beaten on to the work, or embedded with the hammer. 


* The following solder was found to answer weil : 


1000 


Bear in mind that in Birmingham,when a really fine 
work is produced in silver, the surface is often made 
gray by chemical means, ‘‘ oxidized,” as it is termed, 
and this suberdination of the brilliancy of silver to art- 
istic effect is well understood by the celebrated Amer- 
ican firm, Messrs. Tiffany, of New York, who are doing 
so.much to catch the spirit of Japanese art metal work. 
All L ask you to do is to carry this still further—to 
cover base metals with these glowing colored oxides, 
and thus to add tothe permanence of art work, by 
producing surfaces which will resist the unfavorable 
atmospheric influences of our cities. 

Hitherto we have considered the union of metals by 
fusion ; but fire is not the only agent which can be em- 
ployed for this purpose. Two or :nore metals may be de- 
»osited side by side by the aid of the electric battery. 

irmingham was, as you well know, the early home of 
electro-metallurgy, an industry to the development of 
which the great firm of Elkington has so materially con- 
tributed. I have no statistics as to the amount of pre- 
cious metals annually employed for electro-deposition 
in Birmingham, but it is known that a single works in 
Paris, belonging to M. Christofle, deposits annually six 
tons of silver, and it has been estimated that the layer 
of silver of the thickness actually deposited on various 
articles would, if spread out continuously, cover an area 
of 140 acres.* I will not, however, dwell upon the 
deposition of gold and silver in their normal colors. I 
would remind you that copperand zinc may be de- 
posited by electrolysis so as to form brass, and that all 
the beautiful bronzes and alloys of the Japanese can be 
obtained by galvanic agency ; and further, by suitable 
admixtures of gold, silver, and copper, red gold, rose 
colored gold, or green gold — be deposited, so that 
the electro-metallurgist has at his command the varied 
palette of the decorative artist. 

(The images of beautiful deposits of colored gold, 
specially prepared by Messrs. Elkington, were then pro- 
jected on the sereen. } 

I ought to allude to what has been called the moral 
aspect of color; and although I cannot follow Goethet+ 
in hisattributes of color, which seem to me to be fantastic 
and overstrained, I quite recognize the poetic sympathy 
of Shakespeare in making Bassanio select the casket of 
lead, which contained the warrant. for his earthly 
happiness, because *‘ its paleness moved him more than 
eloquence.” | ask you to remember Ruskin’s words, that 
‘‘all men completely organized and justly tempered en- 
joy color; itis meant for the perpetual comfort and de- 
light of the human heart ; it is richly bestowed on the 
highest works of creation, and the eminent sign and seal 
of perfection in them, being associated with life in the 
human body, with light in the sky, with purity and 
hardness in the earth; death, night, and pollution of 
all kinds being colorless.” 

I inust briefly turn to the concluding part of our sub- 
ject. It has long been known that thin films of certain 
metals and certain metallic oxides act on light in the 
same way as thin films of other translucent substances. 
I have here such thin films of oxide of lead, which, 
many years ago, Nobili, Beequerel, and Gassiot taught 
us to deposit, and such films have since been used in 
decorative metal work. 

{Beautiful examples of such films were projected on 
the screen. | 

I wish I had time to point to the great interest and 
importance of films of colored oxide of iron in the tem- 
pering of steel, for it is well known that, apart from 
the scientific interest of the subject, the shades, from 
straw colored to blue, which pass over the surface of 
hardened steel when it is heated in air afford precious 
indications as to the degree of temper the metal has at- 
tained, and in no industry is this better shown than in 
the manufacture of steel pens. I must pass this over,and 
turn to one other instance of the formation of colored 
films on metals. Here is an ordinary plumber’s ladle filled 
with lead, which will soon be molten when it is placed 
over this flame. The air will play freely on the surface 
of the melted lead, and, as a certain temperature is 
reached, very beautiful films will pass over the surface 
of the metal. If the lead contains very minute quan- 
tities of cadmium or of antimony, the effect will be 
greatly heightened. If thelight from the electric lamp 
be allowed to fall on the surface of the bath of lead, it 
will be easy to throw the image of the metallic surface 
on the screen. and you will see how beautiful the films 
are and how rapidly they succeed each other when the 
metal is skimmed. What, then, is the special signifi- 
eance of the experiment from our point of view? It 
represents in a singularly refined way the one experi- 
ment which stands out prominently in the whole 
history of chemistry ; for the formation of a colored 
scum on lead when heated in air has been appealed to, 
more than any other fact, in support of particular sets 


of views from the time of Geber, in the seventh century, | 


to that of Lavoisier, inthe eighteenth. It was the in- 
crease in weight of the lead when heated in air that so 
profoundly astonished the early chemists ; and, finally, 
the formation of a colored oxide by heating lead in air 
was the important step which led on your great towns- 
man, Priestley,t tothe discovery of oxygen; and, as 
the fact of his residence among you will never be for- 
gotten, Birmingham may claim to have been connected, 
through him, with one of the most splendid contribu- 
tions ever offered to chemical science. 


THE FADING OF WATER COLORS. 


70 the Editor of the Chemical News: 

In the course of some experiments on the action of 
sunlight on water color paints, I found that some mine- 
ral colors which did not contain “lead or mercury ” 
were far from permanent when exposed to daylight in 
the presence of moisture. 

The paints experimented on (Winsor & Newton’s 
moist water colors) were brushed thickly over What- 
man’s best drawing paper, and exposed in an atmo- 
sphere of dry and of damp air to the action of daylight, 
one-half of each strip being protected from the action 
of the light. 

Cadmium yellow in ay * air was entirely bleached 
on the parts exposed to light in two weeks, but re- 
mained absolutely unaltered in dry air. 

Prussian blue in damp air was entirely bleached 


* H. Bouithet, Ann. de Chim. et de Phys., t. xxiv., p. 549, 1881. 

+ Farbenlebre. 

¢ He pointed out that the experiment with minium confirmed his view 
that the mercury calcined 


in air derived oxygen from the air, 


after four weeks’ exposure, remaining permanent in 


dry air. 

Yellow ocher faded slightly in the presence of moist- 
ure after four weeks’ exposure, no change being ob- 
served in dry air. 

In the case of the organic colors experimented on— 
viz., crimson-lake, rose-inadder, gam boge, and indigo— 
the colors were discharged as rapidly in dry as in damp 


air. 

That the fading of cadmium yellow (cadmium sul- 
phide) was cau by oxidation of the yellow sulphide 
to the white sulphate was shown by treating the 
bleached paper with water slightly acidified with hy- 
drochloric acid. On adding sulphureted mre 
water to one portion of this solution, the yellow sul- 
phide of cadmium was precipitated, while the other 
portion gave a white precipitate of barium sulphate on 
addition of barium chloride. 

These experiments have been carried on within the 
last two months, during which time the light has been 
= feeble. ARTHUR RICHARDSON, 

niversity College, Bristol, December 1, 1886. 


INFLUENCE OF CHANGE. 

AT arecent meeting of the Physical Society, under 
the chairmanship of Professor McLeod, a paper was 
read on ‘‘The Influence of Change of Condition from 
the Liquid to the Solid State on Vapor Pressure,” by 
Professor W. Ramsay and Dr. Sydney Young. The in- 
vestigation bore relation to the researches by Fischer 
and others on the vapor pressures of ice and water at 
the same temperatures, also of solid and liquid benzine. 
The authors argued that Fischer's results, if properly 
calculated, show that the two curves of benzine do 
actually meet at the melting point They had great 
difficulty in getting pure benzine for the experiments— 
that sold as such being far from pure. 

The best commercial sample had to be frozen several 
times, shaken up with sulphuric acid, and otherwise 
treated. The best sample thus obtained had a melting 
point of 5°58. The apparatus used in the experiments 
consisted of a bulb, A (Fig. 1), in a vessel, B, filled with 


| 
i 


Fig. 1. 


a freezing mixture ; the tube, C, was connected with a 
gauge ; the thermometer stem, D, passed througb the 
cork, E, into the tube below, and its bulb was sur- 
rounded with cotton wool; the benzine was admitted 
through the stopcock, F, to a descending tube, where- 
by the cotton wool could be moistened by it at will ; the 
vessel, G, was filled with warm water to promote 
evaporation. In some cases the adoption of Biot’s 
formula caused the results of the authors to agree 
more closely with those of Fischer, and their general 
conclusion was that they were in a position now to sa 
that both by the statical and dynamical methods it 
had been proved that the vapor pressure of a solid is 
always less than that of a quid, and that the two 
curves always meet at the same temperature at the 
same melting point. 

The next paper was by the same authors, and upon 
‘The Nature of Liquids, as shown by a Study of the 
Thermal Properties of Stable and Dissociable Bodies.” 
They called attention to the one view, that there is no 
great difference between the molecules of a liquid and 
of a gas beyond the molecules of the liquid being closer 
together, and to the chemical view, that ina liquid 
the molecules are in a _ radically different con- 
dition to that of their gaseous state. Experiments 
were tried with stable compounds, such as ether and 
alcohol, and less stable compounds, like acetic acid and 
nitric peroxide. The resulting argument was that 
there is no tendency in stable vapors to combine to 
form chemical compounds, and that the vapor pressure 
of acetic acid is not abselute, but an average, such as 
that which would be due toa mixture. in which case 
there may be a tendency to chemical combination of 
the molecules. 

The third paper was by Mr. James Walker, on 
‘**Cauchy’s Theory of Reflection and Refraction.” 


— 


\ 


% 


Figs. 2 AND 3. 


The fourth and concluding paper was by Mr. Shelford 
Bidwell, F.R.S., on “‘ Voltaic Cireuits in which the 
Electrolyte is a Dry Trioxide or Sulphide.” He said 
that on a previous occasion he had made known the 
following experiment : A(Fig. 2) was a plate of copper, 
B a plate of silver, C a layer of dry sulphide of copper, 
and D a layer of dry sulphide of silver, all poeunell tee 


| 4 
ef 
| 
| : 
i 


9250 


SCIENTIFIC AMERICAN SUPPLEMENT, No. 579. 


Fresruary 5, 1887. 


gether by means ofa vise. This arrangement sent a 
current through the galvanometer in the direction de- 
noted by thearrow. In a more recent experiment, he 
had tried the influence of peroxide of lead, because its 
conductivity is good, and it easily parts with its oxygen. 
In this experiment, A (Pig. 3) is a slice of sodium, Ba 
»late of lead, and C the peroxide of lead between them. 
Vhen connected with the galvanometer, there is a 
strong current from the sodium to the lead. 

It might be argued that the electrolyte was watery, 
but he had dried it as much as possible by heating, and 
afterward by keeping it over sulphuric acid for a long 
time. Nevertheless, it always gave a strong current 
when the circuit was formed. In the sulphide experi- 
ment there was no possibility of its being due to moist- 
ure, because the current was always from the =r 
to the galvanometer. In another experiment with a 
plate of zine, a plate of platinum, and moistened car- 
bonate of lime, a deflection was given upon a Thomson's 
reflecting galvanometer ; but no deflection was obtained 
= dry peroxide of lead was substituted for the damp 
chalk. 


SOAP BUBBLES.* 


THE curious and beautiful phenomena displayed by 
bubbles have for many centuries attracted attention. 
In the Museum of the Louvre in Paris isan Etrusean 
vase on which is depicted a group of children blowing 
bubbles. We thus learn, not only that that popular 
sport is of considerable antiquity, but that an early 
potter, like a well-known Royal Academician of to-day, 
found in it a fitting theme for artistic treatment. It 
would have been strange if such well-known natural 
phenomena had been ignored by those whose special 
desire it is to attempt to interpret Nature. Scientific 
men have long and carefully studied soap bubbles, and 
much has been learned concerning them. They pre 
sent, however, many problems which, though of great 
interest, are as yet unsolved, and | am only echoing a 
retnark once made to me by the late lamented Profes 
sor Clerk Maxwell when I say that he who can first 
adequately explain the constitution and behavior of a 
soap bubble will have made a great advance in the 
theory of the molecular constitution of liquids. I have 
no such ambitious aim before me; but I make these 
preliminary remarks to impress upon you that, trivial 
as the subject of my lecture may seem, it is, neverthe 
less, of no inconsiderable scientitic importance. With- 
out further introduction, | shall ask your attention 
while I discuss what seeims to me one of the most inter- 
esting, as it has certainly been one of the most neg- 
lected, of the phenomena whicha soap bubble displays. 
The explanation of the colors of these films is one of 
the triumphs of the theory of light. It is unnecessary 
to dwell upon it, as it may now be considered as one of 
the commonplaces of science. I am, however, anxious 
that the fact should be clearly before you, that the col- 
ors of soap bubbles not only enable us to measure | 
their thickness, but, within certain limits, enable us to 
measure it with very great accuracy. The thickness 
even of a thick film is so small that it is convenient to 
employ a very small unit of length in deseribing it. I 
shall use the micromillimeter, that is, the millionth of 
a willimeter, or the twenty-five millionth part of an 
inch. No colors are displayed by thick films; but 
they begin to appear at a thickness which, if the film 
be viewed obliquely, may be fixed, in round numbers, 
as 2000 micromillimeters. At first, faint reds and 
greens succeed each other, and each pair—a red and the 
green—which follows it are called an order of colors. 
As the film becomes thinner, the colors become more 
numerous and brighter, till, in the orders which indicate 
considerable tenuity, orange, yellow, blue, and violet 
may also be distinguished. Lf the film last long enough 
to reach the last stages of thinness, it displays the 
colors of the firstorder. They are red, orange, yellow, 
white, gray, and black. When once the black is reach- 
ed, no further change is observed. If the film becomes 


land we must, therefore, regard a thick soap film as 
made up of three parts—an interior, throughout which 
the physical properties are at all points the same, and 
two very thin surface layers, in which they are different. 
We may regard the thinning of the film as a draining 
away of the interior liquid, and if it becomes sufficiently 
thin, the two surface layers will meet and intermingle. 
If this state of things could be attained, the film would 
almost certainly display novel phenomena, which would 
throw light on the nature of the moleeular forces; and 
the first question which suggests itself to the student of 
thin films is whether a black film affords any indica- 
tion that the extreme tenuity necessary to produce such 
results bas been reached, ‘The phenomenon to which I 
wish to draw your attention is, from this point of view, 
very significant. In general, the colors of the differ- 
ent parts of a soap film fade imperceptibly, the one into 
the other, so that it is difficult to fix on any boundary 
which shall separate them. This gradual change in 
the tints indicates that the thickness also varies grad- 
ually and continuously from point to point. At the 
edge of the black, however, there is always (except un- 
der very special conditions ) a clear and definite bound- 
ary, which indicates a sudden change in thickness. The 
gray of the first order is always missing. Sometimes 
several tints, or even several orders of colors, are 
omitted between the black and the part of the film which 
is next toit. Sometimes, though only rarely, we have 
seen in contact the black and a part of the film so 
thick as to show no colors. In this case, if we suppose 
the black to have had its greatest possible thickness 
(and I shall presently show you it must have been 
much thinner), the thickness of the film must suddenly 
have inereased from thirty-six to about 2000 micro- 
millimeters. Such a phenomenon is never observed, 
except in the case of the black, and it is impossible for 
any one who has seen it, and noticed how regularly 
it oceurs when the black appears, to doubt that it 
must be, in some way, caused by the extreme tenuity 
of the film. These and similar considerations led Pro- 
fessor Reinold and myself, some years ago, to under- 
take a closer study of the properties of soap films. We 
began by investigating their electrical resistance. For 
this purpose we had to select a liquid which forms films 
which will last a long time, and thin stowly. That 
which best answers these conditions is a mxture of 
soap, water, and glycerine. Such a liquid is, however, 
very subject to change, as it may, according to cireum- 
stances, either absorb the mcisture of the air or lose 
some of the water it original'y contained. It was, 
therefore, necessary that all the experiments should be 
made in closed glass box, in which the temperature and 
degree of dryness of the air were maintained constant. 
It was convenient to use cylindrical instead of spherical 
films, and wherever one of these broke another had to 
be formed without opening the box. The method of 
performing this operation will be understood from the 
accompanying Fig. 1. A platinum ring, I, which is 
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thinner, no evidence is afforded by the color, which is, 
according to Newton, black for all thicknesses less than 
36 micromillimeters. It is difficult for two observers to| 
agree as to the precise thickness at which any particu- 

lar color occurs, as it is practically impossible for one 
person to describe the precise tint he has observed. I 

find, however, that Professor Quirsche and I agree as 
to the points at which each order begins (é. ¢., the thick- | 
nesses at which the blues or purples of one order pass | 
into the reds of the next) to about 3 per cent. Two) 
estimates of the thickness of a film made by myself! 
agree, in eighty cases out of every hundred, to within 2 
per cent.,so that neither differs from the mean by | 
more than 1 percent. It is not, then, too much to} 
say, that over the greater part of the range of thick-| 
nesses for which colors are visible, they enable us to} 
measure the thickness of a film to 1 per cent. The 
measurements are less accurate when the film is thin 
enough to show colors of the first order; and when it 
displays the black, no deduction can be drawn from its 
color, except that the thickness is less than 36 micro- 
millimeters. In this case, then, as in so many others, 
information fails us just when it would be most inter- 
esting, for it is from the study of very thin films that 
we may hope to learn most. The molecules of which a 
liquid is composed are bound together by forees which 
are in play between them. The attractive force be- 
tween two molecules decreases very rapidly as the dis- 
tance between them increases, and if that distance ex- 
ceeds a certain very stall limit, called the radius of 
molecular action, the force is so slight that it may be 
disregarded altogether. If, then, we conceive a mole- 
cule in the interior of a liquid as placed at the center 
of a small sphere, the radius of which is equal to the 
radius of molecular action, we may regard it as acted | 
on only by other molecules which lie within the sphere. 

These will be distributed symmetrically around it, and | 
it will thus be attracted equally in all directions. A| 
molecule in the surface is under different conditions. | 
It has neighbors on one side only, and thus the forces | 
exerted upon it are not the same asif it were deeply | 
immersed. Asa result of this, the molecules in the sur- | 
face, and in the interior, will be differently arranged or 
packed together, and as the physical properties of a body | 
depend not only on the chemical constitution of its | 
molecules, but also on their arrangement among them.- | 
selves, we should @ prior? expect that the properties of 

the surface and of the interior of a liquid would be in| 
some respects different. That this is so is well known, 


*A lecture delivered by Professor A. W. Ricker, F.R.S., before the 
‘itish iation, Birmingham meeting, September, 1886.— Industries. 
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connected with the exterior by the rod, E, rests upon 
the bottom of the box; liquid is poured in in suffici- 
ent quantity to cover the botton, but not to reach 
the upper edge of F. By turning the wire, E, the 
ring, F, is moved aside, and another ring of the 
same diameter, B, is lowered by rack work, actuat- 
ed by a pinion, which is also outside the box. If 
B is made to touch the liquid, and then withdrawn, a 
plane film forms across it. The ring, F, is replaced 
under B. Air is blown in through the tube, A, which 
A bubble forms, which, when 
large enough, adheres to F, and if air be then sucked 
out, it assumes the form of a cylinder, uniting, and of 
the same diameter as, B and F. An electric current 
can then be passed from A through the liquid cylin- 
der to F and E, the connections with A and E being 
made outside the box. The resistance of any part of 
the film is measured by introducing into it two gold 
wires (seen on the right of the figure), which are con- 
nected by the wires, N, with a quadrant electrometer. 
The difference of potential thus indicated is compared 
with that between two points separated by a known re- 
sistance in the same circuit. 

These experiments enabled us to form an estimate of the 
thickness of a black film. Other things being equal, the 
resistance of a film might be expected to vary inversely 
as its thickness, and we proved that this law held good 
for films, the thickness of which was greater than 380 
micromillimeters. If it might be extended to greater 
degrees of tenuity, we could calculate the thickness of 
a black film, by measuring its resistance, first, when it 
was thick enough to show a color from which its thick- 
ness could be inferred, and, secondly, when it had be- 
come black. If, in the latter case, the resistance was 
a hundred times greater than in the former, this 
indicated that the thickness was a hundred times less. 

Two sets of experiments, made with an interval of 
several years, and with different liquids, gave closely 
accordant results. The means were 11°9 and 11°7 micro- 
millimeters respectively. To check these results, we 
made other measurements by a totally independent 
method. If two plates of carefully worked glass are 
placed parallel to each other, as represented in Fig. 2, 
a beam of light, A B, falling upon the first at an angle 
of about 45°, will, at B, be divided into two rays, which, 
after pursuing different paths, will coincide again at E. 
One of these rays will be reflected at B, refracted into 
the second plate at ©, reflected at its second surface at 
D, and refracted out at E, in the direction E H; the 
other will pursue the path, B, F, G, E, H. If, then, all 


the arrangements are perfectly symmetrical, the crests 
of two light waves will start simultaneously along the 
two paths from B, and will meet again at E. 

If, owing to any cause, the two paths are not precise 
ly similar, one wave may be a little retarded, and thus, 
instead of two crests meeting at E, the crest of one 
| system of waves may arrive there at the same instant 
as the trough of the other. If this occurs, the two waves 


4 
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will, in accordance with the well-known principles of 
interference, destroy one another, and the point, E, will 
appear dark to an eye looking along H, E. This re- 
sult is obtained if the two plates are not absolutely 


parallel, and alternate bands of light and darkness are 


seen, which correspond to the successive points at which 
the two systems of waves mutually re-enforce or destro 
each other.. Fig. 3 is a reproduction of a photograp 
of such a system of interference bands, taken for me by 
Mr. Haddon, of the Royal Naval College, Greenwich. 
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If, now, we introduce into the path of one of the in- 
terfering rays—say B, C—a thin plate of glass or a 
liquid film, the ray will be again retarded. Light travels 
more slowly in glass or water than in air, and the time 
which any given wave takes to travel along the path, 
B, C, D, E, will be longer than before. Thus the points 
at which interference occurs are altered, and the bands 
move. By appropriate measurements of the amount of 
this movement, we can, if the index of refraction of the 

»late interposed between B and C is known, calculate 
its thickness. A single black film is so thin that the 
shift of the interference band produced by it would 
have been immeasurably small. We, therefore, formed 
from forty to fifty parallel plane films, ina glass tube, 
and placed them in the path of one of the rays. When 
they had become black they were broken, and the 
movement of the bands caused by their removal from 
the path of the ray was measured. 

Numerous precautions, which it would take too long 
to detail, were necessary to insure success. I may, how- 
ever, shortly describe the method of breaking the films. 
The air within the tube which contained the liquid 
films was damp, and to maintain this in a constant 
state the ends of the tube were closed by two plates of 
glass. very small movement of these would have: 
produced an effect on the interference bands equal to 
or greater than that due to the breaking of the films. 
It was, therefore, important that the apparatus should 
not bein any way shaken or disturbed by the act of 
rupture. This end was attained by the method illus- 
trated in Fig. 4. A part of the tube, containing a num- 
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ber of films, is there represented. A needle had been 
inclosed with the films, and by means of a sufficiently 
strong electromagnet this could, without touching the 
apparatus, be raised into the position shown in the 
figure, and made to traverse the tube from end to end, 
breaking in its passage all the films itencountered. The 
mean of all the measurements made in this way agreed 
closely with the results previously obtained, being 11°4 
instead of 11°8 micromillimeters. 

In spite of the accord between these mean results, we 
are not prepared to assert that all black films are of the 
same thickness. On the contrary, the electrical experi- 
ments prove that they may vary between 7°2 and 14°5 
micromillimeters. All observation indicates, however, 
that from the time of, or at all events from very soon 
after the time, of its formation, the whole of the black 
part of afilmis of uniform thickness, and that this 
thickness remains unaltered, however long the film 
may last, and however large the black area may be- 
come 

Summing up, therefore, three facts connected with 
the black part of a soap film require explanation, viz. : 
(1) The sudden change in thickness at its edge ; (2) the 


unifo! 
tions | 
whieh 
To ex 
pertie 
pe pre 
consic 
sion. 
Plat 
of a li 
and tl 
nine | 
to the 
porte 
plane. 
the p« 
from | 
until | 
will b 
small 
broug 
that t 
of an 
surrot 
Thi: 
sapon 
sapon 
thins 
indica 
in the 
but 
thick! 
fact 


mingl 


it ine! 
of the 
can re 

in 
are fu 
the fi 
front 
upon 
rubbe 
open, 
the e1 
into | 
simila 
ing of 
exter! 
sSentec 
sinall 
itis u 


This i 


| 
| 
| 
preve! 
ciable 
fails t 
F and 
Tur 
4 the su 
to tha 
and a 
whieh 
other: 
thicke 
ee of ten 
er sur 
aleoh¢ 
film w 
been 
ble th 
2 time, 
4 Thus, 
== of soa 
the sa 
B nine, | 
unabl 
\ sumes 
in Fi; 
that c 
to its 
sistan 
pear, 
orm. 
It d 
small 
two 
imme: 
soluti 
spher: 
made, 
tensio 
der 
coolin 
its su 
SSS his a 
Brita: 
| to an 
These 
} previ 
| times 
in th 
| servat 
nation 
was it 
to inv 
The 
that 
that 


Fesrvary 5, 1887. 


SCIENTIFIC AMERICAN SUPPLEMENT, No. 579. 


9251 


uniform thickness of the black film ; (3) the wide varia- 
tions in the thickness of the colored part of the film 
which appears to be :n direct contact with the black. | 
To explain these, we inquire what are the special pro- 
»erties of the surface of a liquid 7 they might 
a4 produced, and there are two w ich require special 
consideration, viz., the viscosity and the surface ten- 
1. 
o Plateau has shown that the viscosity of the surface 
of a liquid is often different from that of its interior, 
and this fact is best illustrated by a solution of sa 
nine in water. If a needle point beattached vertically 
to the bottom of a beaker, so that a small magnet, sup- 
ported by it as a pivot, can turn freely on a horizontal 
plane, the magnet will readily follow the movements of 
the pole of a larger magnet held at some little distance 
from it. Let a solution of saponine be then poured in, 
until the small magnet just lies on the surface, and it 
will be found that the viscosity is so great that the 
small magnet scarcely stirs, even when the large one is 
prought quite close. If more solution be added, so 
that the magnet is immersed toa depth of a quarter 
of an inch, it moves again, almost as freely as when 
surrounded by air. 

This experiment proves that the surface viscosity of 
saponine is much higher than that of its interior. A 
saponine bubble, owing to this high surface viscosity, 
thins very slowly, and never shows the colors which 
indicate great tenuity, and it might be thought that, 
in the case of soap solution, a similar limit is attained, 
but only when the film is much thinner. The uniform 
thickness of the black would then be attributed to the 
fact that when that thickness was reached, the viscosity 
prevented gravity from producing any further appre- 
ciable decrease in thickness. Such a view, however, 
fails to explain the definite boundary of the black, 
and must, therefore, be abandoned. 

Turning next to the surface tension, we know that 
the surface of liquid is in a state somewhat analogous 
to that of a distended bladder. It tends to contract, 
and a liquid, if left to itself, always assumes that form 
which has the least possible surface for the given 
volume. It has generally been supposed that, when 
the film became so thin that the surface layers inter- 
mingled, the surface tension would diminish, and it 
remains to inquire whether the peculiarities of the 
black film are due to any such cause. Plateau and 
others have, experimentally, investigated the question 
as to whether the surface tension of a thin film was 
less than that of a thick one. On the other hand, it 
has been thought that the mere fact that a film can 
exist of which one part is very thin and another much 
thicker is a sufficient proof that there is no difference 
of tension between these two parts. 

Ifa drop of alcohol or ether be allowed to fall on a 
thin layer of water spread ona sheet of glass, the high- 
ersurface tension of the water overcomes that of the 
alcohol, and tears the drop asunder. If two parts of a 
film were of different surface tensions, it must, it has 
been contended, break. It is, however, I think, possi- 
ble that rupture might be delayed for a considerable 
time, if the surface viscosity were sufficiently high. 
Thus, if air be rapidly withdrawn from a thick bubble 
of soap solution, it maintains the spherical form. If 
the same experiment be tried with a solution of sapo- 
nine, the surface viscosity is so great that the liquid is 
unable to follow the retreating air, and the film as- 
sumes the form of a wrinkled, purse-shaped Dag (shown 
in Fig. 5), the surface of which is much larger than 
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that of a sphere of the same volume. If it be then left 
to itself, the surface tension slowly overcomes the re- 
sistance opposed to it, the creases and wrinkles disap- 

r, and the film gradually assumes the spherical 
orm. 

It does not, therefore, seem absurd to sup that a 
small difference of surface tension might exist between 
two parts of a film, the viscosity of which prevented 
immediate rupture, just as in the case of the saponine 
solution it prevented the immediate assumption of the 
spherical form. Before our own observations were 
made, Ludtge had, indeed, announced that the surface | 
tensions of thick and thin films were different. Van 
der Mensbrugghe had found an explanation in the 
cooling of the thicker film by the continual renewal of 
its surface as the liquid drained away. Maxwell, in 
his article on capillary action in the “ Encyclopedia 
Britannica,” had expressed a hope that observations 
on the surface tension of very thin films might lead 
to an increase in our knowledge of molecular forces. 
These considerations, combined with the facts that all 
previous observers had dealt with films at least ten 
times thicker than the black ones which we have been 
in the habit of observing, and that preliminary ob- 
servations proved that Van der Mensbrugghe’s expla- 
nation of the differences of tension he had observed 
was insufficient, have led Professor Reinold and myself 
to investigate the question afresh. 

The method which we adopted is a modification of 
that employed by Ludtge, and is based upon the fact 
that a curved film exerts a pressure upon the air which 
it incloses. The pressure increases with the curvature 
of the film, and an apparatus by means of which this 
can readily be shown to a large audience is represent- 
ed in Fig. 6. Glass tubes, furnished with stopcocks, 
are fused together, and bent into the shape drawn in 
the figure. The lower ends, E and F, are placed in 
front of the lantern, and images of them are formed 
upon a screen. To the upper end, A, a piece of India 
rubber tubing is attached. Stopeocks B and C being 
ge and D closed, a film is formed at E by moistening 
the end of the tube with soap solution, and blown out 
into a bubble. Then C is closed, D opened, and a 
Siilar operation is repeated at F, the two bubbles be- 
ing of different diameters. Communication with the 
external air is then cut off by closing B. If, as repre- 
sented in the figure, the bubble attached to E is the | 
smaller, and therefore the more curved, the air within 
it is under a ter pressure than that inclosed 


by F. 
This is proved by opening C, when the smaller bubble! 


. | on the surface tension to die out, we were able to prove 
that no measurable 


contracts, and the larger expands, until practically the 
whole of the air previously contained by both bubbles 
is foreed into the larger one. A cylindrical film exerts 
the same pressure on the inclosed air as a sphere of 
double its diameter. 


This may be illustrated by apparatus, a section of 
the essential parts of which is represented in Fig. 7. A 


small iron ring, A A, is placed ina shallow saucer, 
above the edge of which it slightly projects. 
and saucer are nearly filled with liquid. A second 
ring, C, can be moved upand down by rack work. Air 
can be blown into it through the tube, D. Films are 
formed at the upper and under lips of C. Itis brought 
near to A, air is forced in, two bubbles are formed, of 
which the lower adheres to A, and by withdrawing C, 
and regulating the total volume, a liquid cylinder and 


A A 
Bt = = x= | 
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sphere can be obtained, in communication with each 
other, and in equilibrium. If more air than is neces- 
sary is supplied, the diameter of the sphere increases, 
and the pressure it exerts falls off. In order that the 
cylinder may also exert less pressure, it must become 
dice-box shaped. 

It is thus easy to illustrate the paradoxical fact that, 
the larger the quantity of air supplied,,the smaller does 
the volume of the lower film become. In this experi- 
ment, the sphere and the cylinder are formed of the 
same liquid, and possess the same surface tension, but 
if, after equilibrium had been established, the tension 
of one (say the cylinder), were to diminish, it would 
exert a less pressure on the air than before, and it would 
be compelled to bulge by the greater pressure still ex- 
erted by the other film (the sphere). If the changes in 
the dimensions of the sphere and cylinder were meas- 
ured, we could calculate the change in the surface ten- 
sion of the cylinder which had caused them. Though 
the arrangement of the apparatus was different, the 
principle of the method by which we compared the 
surface tensions of thick and thin films is the same as 
that of such an experiment. We balanced, as it were, 
the pressures exerted by two films against each other 
when both were thick, and they were again compared 
when one had become black, while the other had, by 
various means, been prevented from thinning. The 
measurements were beset by a good many difficulties, 
of which I may mention one. 

The surface of the liquid, if newly formed, had a 
higher surface tension than if it had been exposed to 
the air for some time. This was probably due to the 
difficulty of keeping the surface free from impurity. 
When a new surface is formed, the surface tension does 
not assume its final value for a quarter of an hour. 
Any method of thickening the films should, therefore, | 
be chosen so as to reduce the necessary disturbance of 
the surface toa minimum. We have found that, if an 
electric current be passed downward through a film, it 
accelerates its thinning, while if it be passed upward, 
it retards it, or even thickens the film. This can be 
shown as a lecture experiment, by means of the appa- 
ratus shown in Fig. B° Two horizontal wires, A and 
B, are attached together by cocoon fibers. The upper 
one, A, can be raised and lowered by rack work, and a 
film is formed by immersing it in soap solution con- 
tained in a saucer. 

On withdrawing it, a plane film forms between the 
fibers, the light reflected from which is, by means of a 
lens, used to form an image of the film upon the screen. 
Wires dipping into the liquid, and attached to the 
supports of A, convey, when the circuit is =. a 
current from fifty Grove cells up the film. When the 
current passes, the colors, which have previously been 
traveling down the film, begin torise. By using the 
electric current to keep one of the films thick, and by 
waiting, after any disturbance of the surface, for a 
time sufficient to allow the effects of that disturbance 


The ring | 


difference of tension e 


tween a black film formed in the ordinary way and 
the thick films with which it was compared, some of 
which were more than one hundred times thicker than 
itself. The sengsitiveness of the method was such that 
we could certainly have detected a difference of one- 
half per cent, 

It isa significant fact that the black sometimes forms 
in an extraordinary way. Instead of spreading slowly 
over the film, a convulsion takes place, and it covers the 
whole, or the greater part, of the film in a few seconds, 
Such an event is generally followed by the immediate 
rupture of the film. In four cases, however, the film 
has lasted long enough to enable us to obtain a measure 
of its tension, and in all four cases it was unwistakably 
less than that of a thick film. These observations sug- 
gest a field for further, though very difficult, investiga- 
tion ; but at present it would be unwise to lay too much 
stress upon them, and we must confine our conclusions 
to the slow forming black, which we have studied 


_ | fully. 


One other experiment I must describe, which may 
serve tolink the two cases together. If an electric 
current be passed up a film which is partly black and 
partly colored, it will, under favorable conditions, 
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obliterate the sharp edge of the black. Matter is car- 
ried by the current from the thicker tothe thinner 
parts of the film, the discontinuity is bridged over, and 
the thickness increases gradually from the black to the 
colored parts. As soon, however, as the circuit is 
broken, and the current ceases to act, the gray inter- 
mediate to the black, and the white of the first order, 
disappears, and in from ten to fifteen seconds the shar 
edge of the black is restored as clearly as before. It is 
cléar from this experiment that the gray is an unstable 
thickness, which cannot persist if the film be left to it- 
self. A gray film tends to separate into two parts, one 
thicker, and one black and thinner than itself. 

On considering all these facts, Professor Reinold and 
I, being of the same opinion as Professor Darwin, the 
president of section A, who lately reminded us that the 
mere observation of phenomena is of little use, unless 
we attempt to fit them together and to frame them in 
a theory, suggested in a paper, lately sent in to the 
Royal Society, that the best explanation would be 
found in assuming that, when the thickness of the film 
isa little greater than that proper to the black, the 
surface tension first diminishes and then increases 
again; in other words, that the apparent discontinuity 
iscaused by a minimum of surface tension. It was 
not ti’: some weeks afterward that we discovered that 
Sir William Thomson had, in the early part of the 
present year, made the same suggestion. His conclu-' 
sion was based upon our earlier experiments, and he 
was the first to draw it, though we also arrived at it 
independently. To comprehend how a minimum of 
surfacc tension would produce the observed result, it is 
well to remember that the film is attached to its solid 
supports by aring of thicker liquid. Let us suppose 
that, when the upper part of the film reaches a certain 
thickness, the tension falls off. This part of the film 
would then be extended, and its thickness further re- 
duced, by the greater surface tension of the liquid ring 
and of the thicker parts of the film itself. 

The rate at which this operation was conducted 
would, as we have seen, depend upon the relative mag- 
nitudes of the difference of vustaas tension and of the 
viscosity. If, as the upper part became thinner, its 
tension further diminished, the rate of thinning would 
increase ; but if, after a certain thickness was reached, 
the tension increased, it would again diminish. Equi- 
librium would be restored when the thickness of the 
thinner part of the film was such that its surface ten- 
sion was once more equal to that of the thick part. 
This hypothesis would explain all the known facts. 
The thickness of the black is uniform, because for that 
thickness only is the surface tension equal to that of a 
thick film. It may vary between narrow limits on dif- 
ferent oceasions, because the surface tensions of films 
formed of the same liquid are (probably from accidental 
causes) on different occasions different. The thickness 
of the thicker part of the film which is in contact with 
the black may, however, vary widely, as its tension is in- 
dependent of its thickness. It rethains to explain the 
explanation. Is there any rational method of account- 
ing for the assumed minimum of surface tension ? Here, 
I think, the clew to the problem has been given by 
Maxwell. He pointed out that, if the forces in play be- 
tween the molecules of a liquid were at certain distances 
attractive, and at other distances repulsive, they would 
»roduce in a thinning film maxima and minima of sur- 
ace tension, such as that which the hypothesis I have 
laid before you demands. 

Our observations prove that the difference between 
the minimum and ordinary values of the tension must 
be very small, and that, since when the gray is arti- 
ficially formed by the electric current the restoration 
of the definite boundary of the black takes place 
quickly when the circuit 1s broken, the viscosity of the 
thin film is not extraordinarily high. Whatever may be 

timately thought of these views, and however they 
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may be modified inthe light of wider knowledge, I 
venture to think I have laid before you a number of 
facts which mnust be considered whenever a satisfactory 
dynamical theory of liquids is produced. It may be 
that thus the apparent discontinuity in the thickness 
of a film at the edge of the black will be found to be 
closely related to the far greater and more important 
apparent discontinuity which separates a liquid from 
it®’vapor. 


THE MUIR GLACIER. 
By G. FREDERICK WRIGHT. 
1.—DESCRIPTION OF GLACIER BAY. 


THE Muir glacier enters an inlet of the same name at | 
the head of Glacier Bay, Alaska, in latitude 58° 50, | 


longitude 136° 40° west of Greenwich.* (See Fig. 1.) 
Glacier Bay is a body of water about thirty miles long 
and from eight to twelve miles wide (but narrowing to 
about three miles at its upper end), projecting in a 
northwest direction from the eastern end of Cross 
Sound. The peninsula inclosed between Glacier Bay, 
Cross Sound, and the Pacific Ocean is from thirty to 


forty miles wide, and contains numeronts lofty moun- | 


tain peaks. Mount Crillon, opposite the head of the 


bay, is 15,900 feet high, and Mount Fairweather, a little | 


farther north, is 15,500 feet. Mounts Lituya and La 


Perouse, lying on either side of Crillon, are not far | 
from 10,000 feet above the sea. To the east, between | 


Glacier Bay and Lynn Channel, is a peninsula extend- 
ing considerably south of the mouth of the bay, and 
occupied by the White Mountains, whose height [ aim 
unable to ascertain, but probably having no peaks ex- 
ceeding 10,000 feet. 

Near the mouth of Glacier Bay is a cluster of low 
islands named after Commander Beardslee, of the U. 
S. Navy. There are twenty-five or thirty of these, 
and they are composed of loose material, evidently 
glacial debris, and are in striking contrast to most 
of the islands and shores in southeastern Alaska. 
These, also, like all the other land to the south, are 
covered with evergreen forests, though the trees are of 
moderate size. The islands and shores in the upper 
yart of the bay are entirely devoid of forest. Wil- 
oughby Island, near the middle of the bay, isa bare 
rock, about two miles long and 1,500 reet high, showing 
glacial furrows and polishing, from the bottom to the 
top. Several other smaller islands of similar character 
in this part of the bay show like signs of having been re- 
cently covered with glacial ice. 
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The upper end of the bay is divided into two inlets of 
unequal length, the western one being about four miles 
wide and extending seven or eight miles (estimated) in 
the direction of the main axis of the bay to the north- 
west, The eastern, or Muir, inlet is a little over three 
miles wide at its mouth, aad extends to the north 
about the same distance, narrowing. at the upper end, 
to a little over one mile, where it is interrupted by the 
front of the Muir glacier. The real opening between 
the mountains, however, is here a little over two miles 
wide, the upper part on the eastern side being occupied 
with glacial debris covering a tviangular space between 
the water and the mountain about one mile wide at 
the ice front and coming to a point three miles below, 
beyond which a perpendicular wall of rock 1,000 feet 
high rises directly from the water. The mountain on 
the west side of Muir inlet, between it and the other 
fork of the bay, is 2,900 feet high. That on the east 
is 3,150 feet high, rising to about 5,000 feet two or three 
miles back. The base of these mountains consists of 
metamorphic slate, whose strata are very much con- 
torted—so much so, that I found it impossible, in the 
time at command, to ascertain their system of folds. 
Upon the summits of the mountains on both sides are 
remnants of blue crystalline limestone preserved in 
synelinal axes. In the terminal moraine deposited in 
front of the glacier on its eastern side are numerous 
bowlders of very pure white marble coming in medial 
moraiues originating in mountain valleys several imiles 
to the east. Granitic bowlders are also abundant. 


2.—DIMENSIONS AND CHARACTERISTICS OF THE 
MUIR GLACIER 


The width of the ice where the glacier breaks’ 


through between the mountains is 10,664 feet--a little 
over two miles. But, as before remarked, the water 
front is only about one mile. This front does not form 
a straight line, but terminates in an angle projecting 
about a quarter of a mile below the northeast and 
northwest corners of the inlet. The depth of the 
water 300 yards south of the ice front is (according to 
the measurement of Captain Hunter of the steamer 
Idaho) 516 feet near the middle of the channel ; 


* The maps have been largely made from original data, They are square 
with the compass, which bears here, however, 28° east of north. 


|bat it shoals rapidly toward the eastern shore. ' surface of this central current of motion is extremel 
According to my measurements, taken by leveling up| rough, so that it is entirely out of the question to wal 
on the shore, the height of the ice at the extremity of| far out upon it. On approaching this portion of the 
the projecting angle in the middle of the inlet was} glacier from the east, the transverse crevasses diagonal 
250 feet; and the front was perpendicular. Back a/| to the line of motion increase in number and size until 
| few hundred feet from the projecting point, and along| the whole surface is broken up into vast parallelo- 
the front nearer the shores, the perpendicular face of | grams, prisms, and towers of ice, separated by yawn- 
the ice was a little over 300 feet. A little farther! ing om impassable chasms scores and hundreds of 
back, on a line even with the shoulders of the moun-| feet in depth. Over this part of the ice the, moraines 
tains between which the glacier emerges to meet the| are interrupted and drawn out into thinner lines, often 
water, the general height is 408 feet. From here the| appearing merely as patches of debris on separate 
surface of the glacier rises toward the east and north-| masses of ice. This portion of the ice current presents 
| east about 100 feet to the mile. On going out in that/a lighter colored appearance than other portions, and 
| direction on the ice seven miles (as near as I could es-| the roughened lines of motion can be followed, as far 
| timate), I found myself, oy the barometer, 1050 feet | as the eye can reach, through distant openings in the 
above the bay. mountains to the north and *he northwest. 

| The main body of the glacier occupies a vast amphi-| The comparative rapidity of the motion in this part 
theater, with diameters ranging from thirty to forty | of the ice is also manifest where it breaks off into the 
miles. This estimate was made from various views ob | water at the head of the inlet. As already said, the 
tained from the mountain summits near its mouth| perpendicular front of ice at the water’s edge is from 
when points whose distances were known in other | 250 ft. to 300ft. in height. From this front there isa 
directions were in view. Nine main streams of ice | constant succession of falls of ice into the water, ac- 
unite to form the grand trunk of the glacier. These| companied by loud reports. Scarcely ten minutes 
branches come from every direction north of the east| either day or night passed during the whole month 
and west line across the mouth of the glacier; and no} without our being startled by such reports, and fre- 
less than seventeen sub-branches can be seen coming in} quently they were like thunder claps or the booming 
to join the main streams from the mountains near the | of cannon at the bombardment of a besieged city, and 
rim of the amphitheater, making twenty-six in all. | this though our camp was two and a half miles below 
Numerous rocky eminences also rise above the surface} the ice front. Sometimes this sound accompanied the 
of the ice, like islands from the sea. The two of these} actual fall of masses of ice from the front, while at 
visited, situated about four miles back from the front, | other times it was merely from the formation of new 
showed that they had been recently covered with ice, | crevasses or the enlargement of old ones. Repeatedly I 
their surfaces being smoothed and scored, and glacial | have seen vast columns of ice, extending up to the full 
debris being deposited everywhere upon them. Upon| height of the front, topple over and fall into the water. 
the side from which the ice approached these islands! How far these columns extended below the water could 
(the stoss side) it rose, like breakers on the seashore, | not be told accurately, but I have seen bergs floating 
several hundred feet higher than it was immediately | away which were certainly 500 ft. in length. At other 
on the lee side. <A short distance farther down on the! times masses would fall from near the summit, break- 
lee side, however, the ice closes up to its normal height | ing off part way down, and splashing the spray up to 
at that point. In both instances, also, the lee side of | the very top of the ice, at least 250 ft. The total 
these islands seemed to be the beginning of important)! amount of ice thus falling off could not be directly es- 
subglacial streams of water; brooks running into| timated, but it is enormous. Bergs several hundred 
them as into a funnel, and causing a backward move- | feet long and nearly as broad, with a height of from 20 
ment of ice and moraine material, as where there is an} ft. to 60 ft., were numerous, and constantly floating out 


eddy in the water. In both these cases the lee sides of | 


these islands were those having greatest exposure to 
the sunshine. The surface of the ice on this side was 
depressed from one to two hundred feet below the 
general surface on the lee side. 

| The ice in the eastern half of the amphitheater is 
moving much more slowly than that in the western 
half. Of this there are several indirect indications. 
First, the eastern surface is much smoother than the 
western. There is no difficulty in traversing the glacier 
for many miles to the east and northeast. Here and 
there the surface is interrupted by superficial streams 
of water occupying narrow, shallow channels, running 
for a short distance and then plunging down into 
*moulins” to swell the larger current, which may be 
heard rushing along in its impetuous course far down 
beneath and out of sight. The ordinary light colored 
bands in the ice parallel with its line of motion are 
everywhere conspicuous, and can be followed on the 
surface for long distances. When interrupted by 
crevasses, they are seen to penetrate the ice for a depth 
of many feet, and sometimes to continue on the other 
side of a crevasse in a different line, as if having suf- 
fered a lateral fault. The color of the ice below the 
surface is an intense blue, and over the eastern portion 
this color characterizes the most of the surface. 
Numerous holes in the ice, penetrating downward 
from an inch or two to several feet, and filled with 
water, are encountered all over the eastern portion. 
Sometimes there is a stone or a little dirt in the bottom 
of these, but frequently there is nothing whatever in 
them but the purest of water. In the shallower in- 
closures on the surface, containing water and a little 
dirt, worms about as large around as a small knitting 
needle and an inch long are abundant. 


3.—THE MORAINES. 


The character and course of the moraines on the 
eastern half of the glacier also attest its slower motion. 
| There are seven medial moraines east of the north and 
south line, four of which come in to the main stream 
from the mountains to the southeast. (See Fig. 2.) 
Near the rim of the glacial amphitheater these are 
long distances, in some cases miles, apart ; but, as they 
approach the mouth of the amphitheater, they are 
crowded closer and closer together near its eastern 
edge, until in the throat itself they are indistinguish- 
ably mingled. The three more southern moraines 
unite some distance above the mouth. One of these 
contains a large amount of pure warble. This moraine 
approaches the others on either side until the distance 
between them disappears, and its marble unites in one 
common medial moraine a mile or more above the 
mouth. The fifth moraine from the south is about 150 
yards in width, five miles back from the mouth. I¢ is 
then certainly as much as five, and probably eight, 
miles from the mountains from which the debris form- 


ing it was derived. All these moraines contain many | 


large blocks of stone, some of which stand above the 
general mass on pedestals of ice, with a tendency al- 
ways to fall over in the direction of the sun. One such 


block was twenty feet square and about the same) 


height, standing on a pedestal of ice, three or four 


feet high. It isthe combination of these moraines, after | 


they have been crowded together near the mouth, 
which forms the deposit now going on at the north- 
east angle of the inlet just in front of the ice. Of this 
I will speak more fally in connection with the question 


of the recedence of the glacier. Similar phenomena, | 


though on a smaller seale, appear near the southwest 
angle of the amphitheater. 


4.—INDIRECT EVIDENCES OF MOTION. 


The dominant streams of ice in the Muir glacier 
come from the north and the northwest. These unite 
in the lower portion to form a main current, about one 
mile in width, which is moving toward the head of the 
inlet with great relative rapidity. Were not the water 
in the inlet deep enough to float the surplus ice away, 
there is no knowing how much farther down the valley 
the glacier would extend. The streams of ice from the 
east and southwest have already spent the most of 
their force on reaching the head of the inlet; and, 
were it not for this central ice stream, a natural equili- 
brium of forces would be established here independent 
of the water, and no icebergs would be formed. The 


from the inlet. The steamer met such one hundred 
miles away from the glacier. The smaller pieces of ice 
often so covered the water of the inlet miles below the 


Muir Inter 


glacier that it was with great difficulty that a canoe 
could be pushed through. One of the bergs measured 
was 60 ft. above the water and about 400 ft. square. 
The portion above water was som@what irregular, so 
|that probably a symmetrical form 30 ft. in height 
| would have contained it. But, even at this rate of 
| caleulation, the total depth would be 240 ft. The cubi- 
| cal contents of the berg would then be almost 40,000,000 
'ft. Oeceasionally, when the tide and wind were favor- 
| able, the inlet would for a few hours be comparatively 
free —_ floating ice ; at other times it would seem to 
be full. 


5.—SUBGLACIAL STREAMS. 


The movements of the glacier in its lower portions 
are probably facilitated by the subglacial streams is- 
suing from the front. There are four of these of con- 
siderable size. Two emerge in the inlet itself, and 
come boiling up, one at each corner of the ice front, 
making a perceptible current in the bay. There are 
also two emerging from under the ice where it passes 
the shoulders of the mountains forming the throat of 
the glacier. These boil up, like fountains, two or three 
feet, and make their way through the sand and gravel 
of the terminal moraine for about a mile, and enter 
the inlet 250 or 300 yards south of the ice front. These 
streams are, perhaps, 3 ft. deep and from 20 ft. to 40 ft. 
wide, and the current is very strong, since they fall 
from 150 ft. to 250 ft. in their course of a mile. It is 
the action of the subglacial streams near the corners of 
the inlet which accounts for the wore rapid recession 
| of the glacier front there than at the middle point pro- 
| jecting into the water south of the line joining the 

east and west corners. It was also noticeable that the 
| falls of ice were much more frequent near these corners, 

and the main motion of the ice, as afterward measured, 
| was not toward the middle point projecting into the 
| inlet, but toward these corners where the subglacial 
streams emerged below the water. 


6.—DIRECT MEASUREMENT OF THE VELOCITY. 


No small difficulty was encountered in securing direct 
measurements of the motion ; and, as the results may 
be questioned, I will give the data somewhat fully. As 
it was impossible to cross the main current of the 
glacier, we were compelled to take our measure 
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by triangulation. But, even then, it seemed at first | 
é to plant flags as far out on the ice as it} 


necessary 


Indians to the effect that within the memory of their 
grandfathers the ice extended several miles farther 


was safe to venture. This was done on the second day | down than at the present time. 


of our stay, and a base-line was established on the| 


eastern shore, about a mile above the mouth, and the | 
necessary angles were taken. But, on returning to re- | 
peat the observations three or four days afterward, it | 
was found that the ice was melting from the surface so | 
fast that the stakes had fallen, and there were no 
means at command to make them secure. Besides, 
they were not far enough out to be of much service. It 


appeared, also, that the base-line was on a lateral mo-| 
|ered with forests of cedar, hemlock and fir up to the 


raine, which was, very likely, itselfin motion. But by 
this time it had become evident that the masses of ice 
uniting to compose the main stream of motion retained 
their features so perfectly from day to day that there 
was no difficulty in recognizing many of them much 


farther out than it was possible to venture to plant! but in the upper hal 


stakes. Accordingly, another base-line was established 
on the east side, opposite the projecting angle of ice, 
in the inlet. From this position, eight recognizable 
points in different portions of the ice field were tri- 
angulated—the angles being taken with a sextant. 
Sowe of the points were triangulated on five different 
times, at intervals from the 11th of August to the 2d of 
September. Others were chosen later, and triangu- 
lated a fewer number of times. In all cases given the 
angles were taken independently by Mr. Prentiss Bald- | 
win, of Cleveland, and myself, and found to agree. 

The base-line finally chosen (marked B on Fig. 2) was 
at the foot of the mountain, exactly east, by the com- 
pass, from the projecting angle of icein the inlet. 
elevation of the base-line was 408 ft. above tide—corre- 
sponding to that of the ice front. The distance of this 

projecting point of ice (marked C on Fig. 2) from the 
nase line was 8,534 ft., and it remained very nearly 
stationary during the whole time—showing that the 
material breaking off from the ice front was equal to 
that pushed along by the forward movement. Satis- 
factory observations were made upon eight other) 
points, numbered and located on Fig. 2. 

No. 1 was a pinnacle of ice 1,476 ft. N. by 30° E. from 
Cc. The movement from August 14 to August 24 was 
1,653 ft. E. by 15° S. After this date the pinnacle was 
no longer visible, having disappeared along the wast- 
ing line of front between C and the subglacial stream 
at the northeast corner of the inlet. 

No. 2 was a conspicuous pinnacle of ice 2,416 ft. N. by 
16° E. of C. Observations were continued upon this 
from August 11 to September 2. The total distance 
moved during that time was 1,417 ft., or about 65 ft. | 
per day. From August 14 to August 24 the movement 
was 715 ft., or about 71 ft. perday. The difference is, | 
however, perhaps due to the neglect to record the 
hours of the day when the observations were taken. 
As these observations were wholly independent of each 
other, their substantial concordance demonstrates that 
there was no serious error in the observations them- 
selves. The direction of movement of this point of ice 
was very nearly the same as that of the preceding, 
namely, E. 16°S. This, also, is toward the subglacial 
stream emerging from the northeast corner of the intet. 

No. 8 was observed only from August 20 to August 
24. It was situated 3,893 ft. N. by 62° E. of C, and 
moved 105 ft. in a westerly direction. The westerly | 
course of this movement probably arose from its being 
near where the easterly and northeasterly currents 
joined the main movement. 

No. 4 was 5,115 ft. N. 42° E. of C, and moved from 
ro gu 20 to August 24, 143 ft. in a southeasterly direc- 

ion. 

No. 5 was 5,580 ft. N. 48° E. of C, and moved 289 ft. 
from August 2) to August 24, in a direction E, by 39° 8. 

No. 6 was 5,473 ft. N. 70° E of C, and moved 232 ft. 
from August 11 to September 2 in a direction 8. 66° E. 

No. 7 was 6,903 ft. N. 59° E. of C. and moved 89 ft. 
between August 14 and August 24 in a direction 8. 3° 
E., about 9 ft. per day. 

No. 8 was 7,507 ft. N. 62° E. of C, and moved 265 ft. 
from August 14 to August 24 in direction 8S. 56° E. 
These last three points lay in one of the moraines on 
the east side of the line of greatest motion and parallel 
withit. ‘These moraines are much interrupted in their 
course by gaps. 

Not having a logarithmic table with me in camp, 
these points brought under observation proved much 
nearer the eastern side than I supposed at the time. 
But the distances are so great that nothing better 
could be done from the base line chosen. I should also 
have established another base-line on the western side, 
but stormy weather, and the difficulty of crossing at 
the times set for doing so, interfered. As the problems | 
are worked out it is observable that the points chosen | 
were all east of the center of the main line of most | 
rapid motion, and are tending with varying velocity | 
toward the northeast corner of the inlet, where the} 
powerful subglacial stream emerges from below the) 
water level. Doubtless, on the other side of the center | 
of motion, and at the same relative distance from the | 
front, the ice would be found tending toward the south- | 
west corner, where a similar subglacial stream emerges. 
I could but wish that some of the points observed had 
been farther back from the front, but must take the 
facts as they are. I supposed some of them were} 
farther away, but, as th 


L ey were projected on the) 
distant background, the true position could not be 


told until the actual working out of the problems. | 


From these observations, it would seem to follow that 
a stream of ice presenting a cross section of about 
3,500,000 sq. ft. (5,000 ft. wide by about 760 ft. deep) is 


entering the inlet at an average rate of 40 ft. per day | 
(70 ft. in the center and 10 ft. near the margin of move- | 
ment), making about 140,000,000 of cu. ft. per day dur- | 

receding remarks | 
upon the many indirect evidences of rapid motion ren- | 
What the rate | 


ing the month of August. The 


der the calculation perfectly credible. 
may be at other times of the year there are at present 
no means of knowing. 


7.—THE RETREAT OF THE GLACIER. 


‘are in all stages of formation along this ridge. 


rain. 


The Indians now rarely visit the head of the inlet, 
and the quantity of ice floating on the surfate varies 
so much from day to day, and presumably from month 
to month, that great diversity of impressions might be 
received at times separated by even short intervals. 
The convincing evidence of the recent retreat of the 
glaciers of this bay from ground formerly occupied by 


| them is of a physical character: 


The islands of Southern Alaska are ordinarily cov- 


level of perpetual snow. To this rule the shores and 
islands of the upper part of Glacier Bay are a striking 
exception. Near the mouth of the bay forests continue 
to oceur as in other posts, only on a diminished scale, 

of the bay all shores and islands 
are perfectly bare of forests, and the rocks retain in the 
most exposed situations fresh grooves and strie of 
glacial origin. 

It would be impossible for rocks so ex in sucha 
climate to retain these for an indefinite length of time. 
Far up on the mountains, also, there are remnants 
of glacial debris in situations such that the material 
could not have resisted erosive agencies for any great 
length of time. The triangular shaped terminal mo- 
raine on the eastern side, just below the ice front, pre- 
sents some interesting features bearing on the same 
point. This extends three miles below the glacier, and 
in its lower portions is thinly covered with vegetation. 
This covering becomes less and less abundant as the 
glacier is approached, until, over the last mile, scarcely 
any plants at all can be found. Apparently this is 
because there has not been time for vegetation to 
spread over the upper portion of the moraine since the 
ice withdrew, for on the mountains close by, where the 
exposure has been longer, there is a complete matting 
of grass, flowering plants, and shrubs. 

Again, in this triangular moraine covered space, 


|there are five distinct transverse ridges, marking as 


many stages in the recession of the ice front. (See 
Fig. 2.) These moraines of retrocession run parallel 
with the ice front on that side, and at about equal dis- 
tances from each other, each one rising from the wa- 


ter’s edge to the foot of the mountain, where they are | 


408 feet above tide. An inspection of the upper mo- 
raine ridge shows the manner of its formation. This 
transverse ridge is one-half mile below the ice front, 
and is still underlaid in some portions with masses of 
ice thirty feet or more in thickness, which are melting 
away on their sides and allowing the debris covering 
them to slide down about their bases. Kettle — 

e 
subglacial stream emerging from the southeast corner 
of the glacier next the mountain rushes along just in 
the rear of this moraine ridge and in front of a similar 
deposit in process of formation on the very edge of the 
ice where the medial moraines spoken of terminate. 
Eventually this stream will break out in the rear of 
that deposit, also, and leave another ridge similar to 
the one now slowly settling down into position south 
of it. This first ridge south of the subglacial stream, 
with its ice still melting in exposed positions under its 
covering of gravel, cannot be many years old. 

Still another sign of the recent date of this whole 
moraine appears at various places where water courses 
coming down from the mountain are depositing super- 
ficial deltas of debris upon the edge of the older glacial 
deposit. These deltas are very limited in extent, 


| though the annual deposition is by no means insigni- 


ficant. 

At the southern apex of the moraine, three miles be- 
low the ice front, and but one or two hundred yards 
from our camp, great quantities of debris came tearing 
down in —— avalanches during a prolonged season 

wenty-five years would be ample time for 
the formation of the cone of debris at the foot of this 
line of avalanches. Thus there can be no reasonable 
doubt that during the earlier part of this century the 
ice filled the inlet several miles farther down than now. 
And there can be scarcely less doubt that the glacier 
filled the inlet, as recently as that, 1,000 or 1,500 feet 
above its present level near the front. For the glacial 
debris and stri# are very marked and fresh on both 
mountains flanking the upper part of the inlet up to 
2,500 feet, and the evidences of an ice movement in the 
direction of the axis of the bay are not wanting as high 
as 8,700 feet on the eastern mountain, upon which I 
found fresh strie running north by south and directly 
past the summit, which rises 1,000 or 1,500 feet still 

igher just to the east. 


8.—A BURIED FOREST. 


All this is necessary to a comprehension of one of the 
most interesting of problems, presented 7 the buried 
the southwest corner of the glacier. (See 

. Fig. 2.) 

Below this corner, and extending for about a mile 
and a half, there is a gravel deposit, similar to that on 
the eastern side, except that it is not marked by trans- 
verse ridges, but is level-topped, rising gradually from 
about 100 ft. at its southern termination toa little over 
300 ft. where it extends north and west of the ice front. 
(See Fig. 2.) The subglacial stream entering the inlet 
just below the southwest corner of the ice eme 
from the ice about a mile farther up, on the north side 
of the projecting shoulder of the western mountain, 
which forms that side of the gateway through which 
the ice enters the inlet. This stream comes principally 
from the decaying western branch of the glacier before 
alluded to, and, after winding around the projecting 
shoulder of the mountain (this shoulder is 315 ft. A. T.), 
has worn a channel through the gravel deposit lying 
between the lower mile of the glacier and the moun- 
tain a short distance to the southwest. About half 
way down, a small brook, coming from between this 
latter mountain and that whose shoulder forms the 
western part of the gateway just north of it, joins the 


}main stream issuing from the glacier on this side. 


The indications that the Muir glacier is receding, and | Where these streams unite at A they are now uncover- 


that its volume is diminishing, are indubitable and! 
Little regard need to be paid to the record | 
of Vancouver a hundred years ago, for he did not at-| 


humerous. 


ing a forest of cedar trees in rfect preservation, 
standing upright in the soil in which they grew, with 
the humus still about their roots. An abundance of 


tempt to enter the bay at all, finding it so full of ice | their cones, still preserving their shape, lies about their 
hear its mouth as to deter him from it, hence his testi- | roots, and the texture of the wood is still unimpaired. 
mony that the opening was full of ice is so indefinite | One of these upright trunks measured 10 ft. in cireum- 
that it has little bearing upon the condition of the) ference about 15 ft. above the roots. Some of the 
upper portions of the bay at that period of time. Nor|smaller upright trees have their branches and twigs 
need any reliance be placed on conical appearance 


e traditions of the still intact, preserving the normal 


of a recently dead cedar tree. These trees are in vari- 
ous stages of exposure. Some of them are uncovered 
to the roots, some are washed wholly out of the soil, 
while others are still buried and standing upright in 
horizontal layers of fine sand and gravel, some with 
tops projecting from a depth of 20 ft. or 30 ft., others 
being doubtless entirely covered. The roots of these 
trees are in a compact, stiff clay stratum, blue in color, 
without grit, intersected by numerous rootlets as long 
as a~knitting needle, which is, in places, 20 ft. thick. 
There is, also, occasionally in this substratum of clay 
a small fragment of wood, as well as some smooth peb- 
bles from an inch to two feet in diameter. The surface 
of this substratum is at this point 85 ft. above the inlet. 
The deposit of sand and gravel covering the forest rises 
115 ft. higher, and is level-topped at that height, but 
rising toward the north till it reaches the shoulder of 
the mountain at an elevation of 300 ft. The trees are 
essentially like those now growing on the Alaskan 
mountains. Many of them have been violently broken 
off from 5 ft. to 20 ft. above their roots. This has been 
done by some force that has battered them from the 
peer side at the point of fracture. Evidently, cakes 
of ice brought down by the streams indicated in the 
map, when flowing at various higher levels than now, 
have accomplished this result; for the trunks in the 
main stream were battered on the north side, while 
those in the gully, worn by the lateral stream, were 
battered from the west side. , 

From this description, the explanation of this buried 
forest would seem to be evident enough. At some 
period, when the ice occupied only the upper part of 
the valley to the north of this point, forests grew over 
all the space lying southwest of the present ice front. 
As the ice advanced to near its present position, the 
streams carrying off the surplus water from the west- 
ern half of the advancing glacier were suddenly turned 
into the protected space occupied by this forest, where 
they deposited their loads of sand and gravel. A cause 
very likely combining to facilitate deposition in this 
ray has not yet been spoken of, but isevident when on 
the ground, and from a glance at the map. A trans- 
verse valley passes just below this point from Muir inlet 
to the western inlet into which Glacier Bay divides. 
This transverse valley is at present oceupied by a de- 
ceaying glacier opening into both inlets, and sending a 
subglacial stream, through a long, narrow series of mo- 
raines, into Muir inlet about two miles to the south. 
Now, when a general advance of the ice was in pro- 
gress, this transverse stream probably pushed itself 
down into the inlet across the path of the ice moving 
from the north, and so formed an obstruction to the 
water running from the southwest corner of the main 
glacier, thus favoring the rapid ‘deposition which so 
evidently took place. When this inclosed place was 
filled up, and the advancing ice had risen above and 
surmounted the projecting "shoulder of the mountain 
just to the north, that rocky barrier protected a portion 
of the forest from the force of the ice movement, caus- 
ing the ice to move some distance over the top of the 
superincumbent gravel before exerting its full down: 
ward force. Thus sealed up on the lee side of this pro- 
tecting ridge of rock, there would seem to be no limit 
to the length of time the forest might be preserved. 
see no reason why this forest may not have antedated 
the glacial period itself. 

The existence of other forests similarly preserved in 
that re is amply witnessed to by many facts. 
One upon the island near the west shore, four miles 
south, is now exposed in a similarly protected position. 
Furthermore, the moraine, already described on the 
east side of the inlet, contains much wood ground up 
into slivers and fragments. Indeed, our whole de- 
peaaaee during the month for fuel was upon such 

ragments lying exposed in the moraine. Occasional 
chunks of peat or compact masses of sphagnum formed 
a part of the debris of this moraine. These also oc- 
curred on some of the medial moraines on the eastern 
side. I did not go up them far enough to learn direct- 
ly their origin. But, as no forests were visible any- 
where in that direction, it is presumable that they had 
been recently excavated from preglacial forests similar 
in situation to that now exposed on the west below the 
ice front. 

The capacity of the ice to move, without disturbing 
them, over such gravel deposits as covered the forests, is 
seen in the present condition of the southwestern 
corner of the glacier itself. As the ice front has retreated 
along that shore, large masses of ice are still to be seen 
lapping over upon the gravel. These are portions of 
the glacier still sustained in place by the underlying 
gravel, while the water of the inlet has carried the ice 
from the perpendicular bank clear away. This phe- 
nomenon, and that of the general perpendicular front 
presented by the ice at the water's edge, accords with 
the well-known fact that the surface of the ice moves 
faster than the lower portions. Otherwise, the ice 
columns at the front would not fall overinto the water 
as they do. 


9.—KAMES AND KETTLE HOLES. 


The formation of kames and of the knobs and kettle 
holes characteristic both of kames, and terminal mo- 
raines, is illustrated in various places about the mouth 
of Muir glacier, but especially near the southwest cor- 
ner just above the shoulder of the mountain where the 
last lateral branch comes in from the west. This branch 
is retreating, and has already begun to separate from 
the main glacier at its lower side, where the subglacial 
stream passing the buried forest emerges. Here a 
vast amount of water-worn debris covers the ice, ex- 
tending up the glacier in the line of motion for a long 
distance. 

It is evident from the situation that, when the ice 
stream was a little fuller than now, and the sub- 
glacial stream emerged considerably farther down, a 
great mass of debris was spread out on the ice at an 
elevation considerably above the bottom. Now that 
the front is retreating, this subglacial stream occupies 
a long tunnel, twenty-five or thirty feet high, in a 
stratum of ice that is overlaid to adepth in some places 
of fifteen or twenty feet with water-worn glacial debris. 

In numerous places the roof of this tunnel has broken 
in, and the tunnel itself is deserted for some distance 
by the stream, so that the debris is caving down into 
the bed of the tunnel as the edges of ice melt away, 
thus forming a tortuous ridge, with projecting knolls 
where the funnels into the tunnel are oldest and largest. 

At the same time, the ice on the sides at some dis- 
tance from the tunnel, where the superficial debris wag 
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thinner, has melted down much below the level of that 
which was protected by the thicker deposit ; 
debris is slidin 
nel through the center. 
mately parailel are simultaneously forming 


Thus three ridges approxi-| 
When the 


ice has fully melted away, this debris will present all the | 


complications of interlacing ridges, with numerous ket 
tle holes and knobs characterizing the kames; and 
these will be approximately parallel with the line of 
glacial motion. The same condition of things exists 
about the head of the subglacial stream on the east side, 
also near the junction of the first branch glacier on the 
east with the main stream, as also about the mouth of 
the independent glacier shown on the map lower down 
on the west side of the inlet. (See Fig. 2.) The forma- 
tion of kettle holes in the terminal ridges has already 
been referred to. 


10.—TRANSPORTATION AND WASTE BY WATER. 


Considerable earthy material is carried out from the 
front by the bergs. Pebbles and dirt were frequently 
seen frozen into them as they were floating long dis- 
tancesaway. Just how many of the bergs were formed 
from ice that originally rested on the bottom of the in- | 
let, I have no means of telling. That some were so 
formed seems exceedingly probable, if for no other 
reasons because of the great amount of debris that was 
sometimes seen frozen into them. Itis by no means 
certain that the subglacial streams boiling up near the 
upper corners of the inlet were beneath the lowest 
stratum of ice. Some small streams were seen pour- 
ing out from the face of the ice half way up from 
the water. It seems likely that a great amount of 
sediment becomes incorporated in cavities in the 
center of the glacier through the action of these subgla- 
cial streams, and so is ready for transportation when 
the masses break loose. 

There were two pretty distinct lines of motion in the| 
eurrents of the inlet, corresponding to those originat 
ing in the subglacial streams, so that ordinarily the | 
ice floes arranged themselves in the inlet along definite 
lines. But the tides were so high as sometimes to cause 
much irreguiarity. Frequently, large icebergs would | 
be seen moving up the lines of current or diagonal to} 
them. The upper part of the inlet was filled with the | 
muddy water coming from the subglacial streams. 
The line “separating this muddy water from the clear 
water of the bay was driven, now one way and now an- 
other, according to the influence of the tide. The steam- 
er's screw brought up much muddy water from below 
the surface some distance down the bay, and where the 
surface was clear. The sediment forming over the bot- 


and so 
down the sides as well as into the tun-| August 22........ 


Fesrvary 5, 1887. 


| August 20, .- . 404° F. | August 26........ 51°9° P. 
August 21........ 48°9° F. | August 27........ 46°1° F. 
461° F. | August 28.. ..... 50°5° PF. 

August 23........ 446° F. | August 29........ 45° 
August 24.. 49°83" F August 30... . 48° 


August | August 505° F. 
13.—FLORA. 
The following is the list of poem, as identified by 
Professor Asa Gray, found in bloom about Muir inlet 
during the month of August. Where the altitude is 
not given, they were found near the tide. 


Arabis ambigua, Brong ...... - Aug. 26 1600 A. T. 
Arenaria peploides, L............. 28 
Astragalus alpinus, L.......... site 7 
Hedysarum boreale. Nutt ........ 28 
Sanguisorba canadensis.......... 6 
Lutkea sibbaldioides, Brong...... 27 
Saxifraga lyalli, Engl....... 26 1600 A. T. 
stellaris, vegies 27 3000 A. T. 
Parnassia fimbriata, Small........ 27 3000 A. T. 
palustris, L...... 6 
Epilobium latifolium, L ......... 6 1600 A. T. 
origanifolium, Lam. (%) 28 
Solidago multiradiata, Ait ....... 27 
Erigeron salsuginosus, Gray, arctic 
form 27 3000 A. T. 
Antennaria margaritacea, arctic 
form Wow 27 
Achillea millefolium, L., arctic var. 27 
Arnica obtusifolia, Les........... 27 1200 A. T. 
Campanula L., var. 
28 
Gentiana platypetala (’)........... 27 
menziesii (?).......... 27 
Mertensia maritima. eees 7 
Castilleja parviflora, Brong.. a 28 
Salix vestita, Pursh.... .......... 6 
| Habenaria hyperborea, R. Br .. 27 2650 A. T 
Luzula parviflora, Meyer ... : 
Poa alpina, var. vivipara.......... 26 1500 A. T 
sees 26 1500 A. T 
Phieum alpinum, L ...... jomienes 26 1600 A. T 
Elymus 
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NECKLAC ES OF HAZELNUTS. 


Just beneath the external surface of the shell of the 
hazelnut there is a parallel series of ducts that extend 


NECKLACE OF HAZELNUTS. 


tom of the bay must resemble the loess of the Missouri 
and Mississippi valleys. 


11.—OTHER GLACIERS REACHING THE BAY. 


Besides the Muir glacier, there are four others of 
large size entering the longer inlet to the west. (See 
Fig. 1.) These have their origin on the flanks of 
Mounts Crillon and Fairweather. They have never 
been studied, but are apparently as accessible as the 
Muir. Professor Muir and Rev. Mr. Young are the 
only well-informed persons who have visited them, 
ond their stay was brief. I went about half way up 
the inlet, on its east side, and took some photographs 
from points where the whole outlines could be seen. | 

saw them from the mountains on the east side. 
The general appearance does not differ materially 
from that of the Muir glacier. To complete the study 
one needs a sinall steam launch and more ample time 
and preparation than we could command. 

The moisture of the climate is a serious drawback to | 
investigations in all that region, though this is very | 
favorable to the growth of glaciers. The annual pre- 
cipitation over southeastern Alaska averages from 
eighty to one hundred inches. The average number | 
of days per annum on which rain or snow has fallen at | 
Sitka during the last fifty years is 198, while some 
years it has been as high as 264. Fifteen of the twenty- 
nine days we were in Glacier Bay (from August 4 to 
September 2) were so rainy as to render observation 
impossible. The other days were, however, clear and 
beautiful beyond description. The absence of forests 
also renders it easy to climb the mountains and observe 
from them. It is to be hoped that other expeditions 
better fitted than ours, and prepared to spend a longer 
time, will soon make a more complete study of this now 
easily accessible and most fruitful field for glacial in- 
vestigation. 


12.—TEMPERATURE. 


I append the record of the thermometer from August 
20 to August 31, giving the mean of three readings each 
day taken at 8 A. M., 2 P. M., and 8 P. M. 


jare directed upward. 
|quire considerable manual dexterity for its perform- 


from the bottom to the apex of the nut. At the base 
of the nut the mouths of these ducts may be discovered 
by cutting away a portion of the shell at the point 
where the brown portion of the latter meets the hilwm 
orsear. The upper extremities of the ducts may be 
exposed to view by cutting away a portion of the nut 
at its apex. It is pointed out in La Nature (from 
which the engraving is taken), that a human hair can 
be passed through these ducts, from one end to the 
other, and that the nuts can thus be strung so as to 
form a sort of necklace. 

The best hair to use for the purpose is woman's, as 
being longer and, asa general thing, finer than that 
of man. Care should be taken to introduce the root 
end of the hair into the aperture, inasmuch as human 
hair is serrated on the surface, and the sharp points 
The operation will perhaps re- 
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METHOD OF BREAKING GLASS TUBE. 
By ERNST BECKMANN. 


THE author calls attention to the following simple 
method of breaking glass, which, though ol, is not 
very generally known. In breaking a glass tube, e. g., 
a combustion tube, a small scratch is made with a file 
at the required place. At each side of this seratch, 
and about one-half mm. away from it, a small roll of 
wet blotting paper is laid round the tube. The free 
space between is then heated all round over a Bunsen 
burner, or, better still, over a small blowpipe flame. A 
clean and even fracture is thus obtained, exactly be- 
tween the two rolls, without dropping water on the 
hot glass. The rolls are made by cutting two strips of 
| filter paper, sufficiently large to form rolls one to two 
jmim. high, and two to four em. wide. The strips are 
| folded once, lengthways, laid on the table, moistened, 
flattened out, and then wrapped on to the tube, so that 
the fold lies nearest the file scratch, and fold lies accu- 


The tem-| rately upon fold in the successive layers. The thick- 


perature of the water in the upper part of the inlet, ness of the rolls, and their distance apart, has, of 


was uniformly 40° PB, 


course, to be varied, according to the diameters of the 


tubes. Equally good results are obtained with the 
thinnest test tubes, the thickest combustion tubes, 
beakers, flasks, and glass bell jars. In those cases 
where the sides are slanting, as, for instance, with fun- 
nels, an obvious alteration in the construction of the 
paper rolls need only be carried out.—Zeitsch. f. Anal. 
Chem., vol, 2%, ports 580 ; Anaiget. 


GLAZE FOR ALBUMEN PRINTS. 


Pror. Dr. J. M. EpER recommends the following 
cerate for obtaining a high polish upon ee prints : 
100 grammes white wax is seaiied-am 100 grammes 
rectified oil of turpentine, together =A 40 grammes 
dammar varnish, added. This mixture is poured into 
adry glass. If it should appear too thick, add more 
turpentine. The mixture is rubbed well into the sur- 
face of the print with a rag, and gives an extraordi- 
narily high glaze. 
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